PGT 



WORLD [NTOXECTUiU. PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

A61K 38/00, 39/00, 39/44, 39/395, 51/00, 
C07K 2/00, 4/00, G01N 33/53, 33/543, 
33/566 



Al 



(11) International Publication Number: WO 99/64036 

(43) International Publication Date: 16 December 1999 (16.12.99) 



(21) International Application Number: 

(22) International Filing Date: 



PCT/US99/11806 
7 June 1999 (07.06.99) 



(30) Priority Data: 
60/088,464 
60/092,941 



8 June 1998 (08.06.98) US 
15 July 1998 (15.07.98) US 



(63) Related by Continuation (CON) or Continuation-in-part 
(CIP) to Earlier Applications 

US 60/088,464 (CON) 

Filed on 8 June 1998 (08.06.98) 

US 60/092,941 (CON) 

Filed on 15. July 1998 (15.07.98) 



(71) Applicant (for all designated States except US): ADVANCED 
MEDICINE, INC. [US/US]; 280 Utah Avenue, South San 
Francisco, CA 94080 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): GRIFFIN, John, H. 
[US/US]; 56 Walnut Avenue, Atherton, CA 94027 (US). 
MORAN, Edmund, J. [CA/US]; 131 Chaves, San Francisco, 



CA 94127 (US). OARE, David [US/US]; 1622 Ralston 
Avenue, Belmont, CA 94002 (US). 

(74) Agents: SWISS, Gerald, F. et al.; Bums, Doane, Swecker & 
Mathis, L.L.P., P.O. Box 1404, Alexandria, VA 22313-1404 
(US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GD, 
GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, 
KR, KZ, LC, LK, LR, LS, LT, LU, LV. MD, MG, MK, 
MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD t SE, SG, SI, 
SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU, ZW, 
ARIPO patent (GH, GM, KE, LS, MW, SD, SL, SZ, UG, 
ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, 
TM), European patent (AT, BE, CH, CY, DE, DK, ES, FI, 
FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, 
SN, TD, TG). 



Published 

With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: NOVEL THERAPEUTIC AGENTS FOR MACROMOLECULAR STRUCTURES 
(57) Abstract 

Disclosed are novel multibinding compounds (agents) which bind macromolecular structures including cellular, extracellular, and 
microbial components derived from vectors, viruses, fungi, yeasts, bacteria, and the like. The compounds of this invention comprise a 
plurality of ligands each of which can bind to such macromolecular structures thereby modulating the biological processes/functions thereof. 
Each of the ligands is covalently attached to a linker (framework) to provide for the multibinding compound. The linker is selected such 
that the multibinding compound so constructed demonstrates increased modulation or disruption of the biological processes/functions of 
cell as compared to the aggregate of the individual units of the Hgand. 



4 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 

AM 

AT 

AU 

AZ 

BA 

BB 

BE 

BF 

BG 

BJ 

BR 

BY 

CA 

CF 

CG 

CH 

CI 

CM 

CN 

CD 

CZ 

DE 

DK 

BE 



Albania 

Armenia 

Austria 

Australia 

Azerbaijan 

Bosnia and Herzegovina 

Barbados 

Belgium 

Burkina Faso 



Benin 
Brazil 
Belarus 
Canada 

Central African Republic 

Congo 

Switzerland 

Cote d'lvoire 

Cameroon 

China 

Cuba 

Czech Republic 
Germany 
Denmark 
Estonia 



ES 


Spain 


LS 


Lesotho 


FI 


Finland 


LT 


Lithuania 


FR 


France 


LU 


Luxembourg 


GA 


Gabon 


LV 


Latvia 


GB 


United Kingdom 


MC 


Monaco 


CE 


Georgia 


MD 


Republic of Moldova 


GH 


Ghana 


MG 


Madagascar 


GN 


Guinea 


MK 


The former Yugoslav 


GR 


Greece 




Republic of Macedonia 


bu- 


Hungary 


ML 


Mali 


ie 


Ireland 


MN 


Mongolia 


IL 


Israel 


MR 


Mauritania 


IS 


Iceland 


MW 


Malawi 


IT 


Italy 


MX 


Mexico 


JP 


Japan 


NE 


Niger 


KE 


Kenya 


NL 


Netherlands 


KG 


Kyrgyzstan 


NO 


Norway 


KP 


Democratic People's 


NZ 


New Zealand 




Republic of Korea 


PL 


Poland 


KR 


Republic of Korea 


PT 


Portugal 


KZ 


Kazakstan 


RO 


Romania 


LC 


Saint Lucia 


RU 


Russian Federation 


LI 


Liechtenstein 


SD 


Sudan 


LK 


Sri Lanka 


SE 


Sweden 


LR 


Liberia 


SG 


Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


SZ 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and Tobago 


UA 


Ukraine 


UG 


Uganda 


US 


United States of America 


uz 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


zw 


Zimbabwe 



WO 99/64036 



PCT/US99/11806 



NOVEL THERAPEUTIC AGENTS FOR MACROMOLECULAR 
STRUCTURES 

^SS-Pfl FFPTrNfT , ™ RELAIEB APPLICATIONS 

' This application claims the benefit ofthe following U.S. Provisional Patei 
Applications: 

1 . U.S. Provisional Application No. 60/088,464, filed June 8, 1 998; 

and 

2. U.S. Provisional Application No. 60/092,941, filed July 15, 1998. 



BACKGROUND OF THE INVENTION 

Fiflri nf ft* invention 

This invention relates to novel multibinding compounds (agents) which 
bind macromolecular structures including cellular and extracellular components of 
mammalian systems along with microbial components derived from vectors, 

5 viruses, fungi, parasites, yeasts, bacteria, and the like. The compounds of this 
invention comprise a plurality of ligands each of which can bind macromolecular 
structures thereby modulating the biological processes/functions thereof. Each of 
the plurality of ligands is covalently attached to a linker (framework) to provide for 
the multibinding compound. The linker is selected such that the multibinding 

10 compound so constructed demonstrates increased modulation or disruption ofthe 
biological processes/functions of cells (as defined herein) as compared to the 
aggregate ofthe individual units ofthe ligand made available for binding to the 
cells. 

15 These multibinding compounds are particularly useful in treating 

pathologic conditions and other conditions which benefit.from therapeutic 
treatment which are mediated by cells comprising macromolecular structures. . 



WO 99/64036 



PCT/US99/11806 



-2- 

targeted by the ligands. Accordingly, this invention also relates to pharmaceutical 
. compositions comprising a pharmaceutically acceptable excipient and an effective 
amount of a compound of this invention. 

5 Still further, this invention is directed to methods for treating pathologic 

conditions in mammals which are mediated by cells comprising macromolecular 
structures targeted by a ligand which method comprises administering to such a 
mammal an effective amount of a pharmaceutical composition of this invention. 

1 0 This invention also provides for combinatorial synthetic methods for 

providing libraries of multimeric compounds useful in identifying compounds 
exhibiting properties consistent with multibinding compounds. Libraries of such 
compounds are also provided as well as iterative methods for identifying 
multibinding compounds targeting macromolecular receptors. 

15 
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State of the Art 

Macromolecular structures are a separate class of cellular, extracellular and 
microbial components distinct from enzymes, ion channels, receptors, etc. These 
macromolecules are large molecular weight molecules comprising at least two, but 

15 often more, repeating, structural subunits. Such structures are often components of 
cellular construction such as cell envelopes (e.g., phospholipid, sterol or lipid, 
protein, glycolipid, and glycoprotein components), internal cytosketal structure 
(e.g., fibrils, filaments, etc.), polysome membranes (e.g., cellular and extracellular), 
vesicles, organelles, and matrices (intracellular and extracellular). 

20 Macromolecular structures also may include structural components of microbial 
particles such as viruses. In other cases, these molecules may be important in 
maintaining or modulating cellular functions. Such structures may include 
proteins which contain homo- and hetero-oligomeric repeating subunits such as 
endogenous or exogenous transcription factors. 

25 

Many well known medicinal agents/ligands (e.g., drugs) treat pathologic 
conditions by targeting macromolecular structures of cells mediating the disease 
condition. The structural targets which bind these ligands include targets on or in 
endogenous mammalian cells (e.g., cancer cells) or targets on exogenous microbes 
30 containing macromolecular structures (e.g., viruses, fungi, bacteria, parasites, etc.). 
When bound to the targeted structure, the ligand (drug) typically modulates or 
disrupts the biological process/function of cells or microbes which, in some cases, 
can result in targeted cell or microbe death. Such modulation or disruption _ . 
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mediates disease conditions associated with these cells or microbes. For example, 
the following known medicinal agents target different macromolecular structures 
in providing therapeutic treatment for the disease conditions indicated: 



5 





Drug 


Macromolecular 
Structure Targeted . 
by Drug 


Disease Condition 
Treated 




Amphotericin B 


cell wall sterol 

pnmnnnpnt AinnPTnallV 
COIIipuIlCIll ^piiiiv»ipt«Ajr 

ergosterol) of fungi 


fungal infections 
(candidiasis, asperigil- 
liusis, crytococcosis, 
etc.) 




Polymyxin and 
colistin 


bacterial cell wall 


Gram negative bacterial 

infections 
(E. coli, Pseudomonas, 
etc.) _ 


10 


Pirodivir and 
Pleconaril 


capsid protein of 
picornaviruses 


picornaviral infections 
(rhinovirus, hepatitis A, 
echovirus meningitis, 
etc.) 




Docetaxel, Paclitaxol 
(taxol) 


tubulin and/or 
microtubules 


Cancer 
(breast and ovarian 
carcinomas) 




Griseofulvin 


tubulin and/or 
microtubules 


fungal infections 


15 


Colchicine 


tublin and/or 
microtubules 


gout, gouty arthritis 




Vinblastine, 
i Vincristine, 
Vinorelbine, and 
Vindesine 


tubulin and/or 
microtubules 


Cancer 
(Hodgkin's disease, 
other lymophomas, 
testicular carcinomas, 

etc.) 1 



Notwithstanding the above, existing drugs which target macromolecular 
structures often have many disadvantages such as low potency, toxicity, resistan 
etc. For example, taxol and its derivatives are potent anti-neoplastic agents. W 
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these compounds are effective in stabilizing microtubules and disrupting cellular 
mitosis, in clinical treatment of carcinomas, P-glycoprotein-mediated drug 
resistance can limit the efficacy of such agents. Such is also the case for 
vinblastine and other vinca alkaloid drugs. 

5 

In another case, the perceived mode of action for the anti-fungal agent 
Amphotericin B is through complexation with the sterol ergosterol within the 
fungal cell membrane. This event increases the permeability of the fungal cell 
membrane, leading to loss of essential intracellular components. However, 
10 notwithstanding its anti-fungal activity, Amphotericin B causes nephrotoxicity and 
neurotoxicity in the treatment of fungal infections. 

Further, pirodavir is an antiviral agent which binds to the capsid protein of 
picomaviruses and is proposed to disrupt the host cell-entry process of virons. 
15 However, low potency can limit the clinical efficacy of this anti-viral agent. 

Accordingly, drugs which mediate pathologic conditions by targeting 
macromolecular structures which drugs are more potent, less susceptible to 
resistance mechanisms, and/or less toxic would be particularly beneficial. 

20 

SUMMARY OF THE INVENTION 

This invention is directed to novel multibinding compounds which bind 
macromolecular structures including cellular, extracellular, and microbial 
25 components derived from mammalian cells and microbes such as viruses, bacteria, 
fungi, parasites, yeasts, and the like ("cells" as denned below). The binding of 
these compounds to such macromolecular structures can be used to treat pathologic 
conditions mediated by such cells. 

30 Accordingly, in one of its composition aspects, this invention is directed to 

a multibinding compound and salts thereof comprising 2 to 10 ligands which may • 
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be the same or different and which are covalently attached to a linker or linkers 
which may be the same or different, each of said ligands comprising a ligand 
domain capable of binding to a macromolecular structure of a cell with the proviso 
excluding multimeric compounds having DNA binding as a primary mode of 
action. 

Multimeric compounds having a primary mode of action based on binding 
to DNA are preferably characterized by dissociation constants for DNA/multimeric 
compounds binding of less than 1 mM. 

The multibinding compounds of this invention are preferably represented 
by formula I: 

(L) P (X), 1 



wherein each L is independently selected from ligands comprising a ligand domain 
capable of binding to a macromolecular structure of a cell; each X is independently 
a linker; p is an integer of from 2 to 10; q is an integer of from 1 to 20 and salts 
thereof with the proviso excluding multimeric compounds having DNA binding as 
20 a primary mode of action. 

Preferably, q is <p. 

Preferably, binding of the multibinding compounds to the cell relates to 
25 cells which mediate mammalian or avian pathologic conditions and such binding 
modulates these conditions. 

In another of its composition aspects, this invention is directed to 
a pharmaceutical composition comprising a pharmaceutically acceptable excipient 
30 and an effective amount of a multibinding compound or a pharmaceutically 

acceptable salt thereof comprising 2 to 10 ligands which may be the same or - • 
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different and which are covalently attached to a linker or linkers which may be the 
same or different, each of said ligands comprising a ligand domain capable of 
binding to a macromolecular structure of a cell mediating mammalian or avian 
pathologic conditions thereby inhibiting the pathologic condition with the proviso 
5 excluding multimeric compounds having DNA binding as a primary mode of 
action. 

In still another of its composition aspects, this invention is directed to 
a pharmaceutical composition comprising a pharmaceutical^ acceptable excipient 
1 0 and an effective amount of a multibinding compound represented by formula I: 

(L) p (X) q 1 

wherein each L is independently selected from ligands comprising a ligand domain 
1 5 capable of binding to one or more macromolecular structures of a cell mediating 
mammalian or avian pathologic conditions; each X is independently a linker;;? is 
an integer of from 2 to 10; q is an integer of from 1 to 20 and pharmaceutically 
acceptable salts thereof with the proviso excluding multimeric compounds having 
DNA binding as a primary mode of action. 



20 



Preferably, q is < p. 



In one of its method aspects, this invention is directed to a method for 
treating a mammalian or avian pathologic condition mediated by cells comprising 

25 macromolecular structures which method comprises administering to said mammal 
or avian an effective amount of a pharmaceutical composition comprising a 
pharmaceutically acceptable excipient and a multibinding compound or a 
pharmaceutically acceptable salt thereof comprising 2 to 10 ligands which may be 
the same or different and which are covalently attached to a linker or linkers which 

30 may be the same or different, each of said ligands comprising a ligand domain 
capable of binding to a macromolecular structure of the cell(s) mediating 
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mammalian or avian pathologic conditions with the proviso excluding multimeric 
compounds having DNA binding as a primary mode of action. 

In another of its method aspects, this invention is directed to a method for 
treating a mammalian or avian pathologic condition mediated by cells comprising 
macromolecular structures which method comprises administering to said mammal 
or avian an effective amount of a pharmaceutical composition comprising a 
pharmaceutically acceptable excipient and a multibinding compound represented 
by formula I: 

(L),(X) q 1 



wherein each L is independently selected from ligands comprising a ligand domain 
capable of binding to one or more macromolecular structures of a cell mediating 
15 mammalian pathologic conditions; each X is independently a linker; p is an integer 
of from 2 to 10; q is an integer of from 1 to 20 and pharmaceutically acceptable 
salts thereof with the proviso excluding multimeric compounds having DNA 
binding as a primary mode of action. 

20 Preferably, q is < p. 

This invention is also directed to general synthetic methods for generating 
large libraries or collections of diverse multimeric compounds which bind 
macromolecular structures which compounds are candidates for possessing 

25 multibinding properties! In one embodiment, the general synthetic methods 
employ combinatorial aspects to provide for libraries of multimeric compounds 
which bind macromolecular structures which compounds can then be assayed for 
multibinding properties. In another embodiment, a collection of multimeric 
compounds is prepared and processed through an iterative process to determine 

30 those molecular constraints necessary to impart multibinding properties. 
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In the library aspect, diverse multimeric compound libraries provided by 
this invention are synthesized by combining a linker or linkers (i.e., a library of 
linkers) with a macromolecular ligand or ligands (i.e., a library of macromolecular 
ligands) targeting macromolecular structures of a cell to provide for a library of 

5 multimeric compounds wherein the linker and ligand each have complementary 
functional groups permitting covalent linkage. The library of linkers is preferably 
selected to have diverse properties such as valency, linker length, linker geometry 
and rigidity, hydrophilicity or hydrophobicity, amphiphilicity, acidity, basicity, 
polarization and polarizability. The library of macromolecular ligands is 

1 0 preferably selected to have diverse attachment points on the same ligand, different 
functional groups at the same site of otherwise the same ligand, different ligands 
and the like. 

This invention is also directed to libraries of diverse multimeric compounds 
15 which compounds are candidates for possessing multibinding properties against 
macromolecular receptors. These libraries are prepared via the methods described 
above and permit the rapid and efficient evaluation (screening) of what molecular 
constraints impart multibinding properties to a macromolecular' ligand or a class of 
ligands targeting a macromolecular receptor. 

20 

This invention is still further directed to iterative methods to determine 
those molecular constraints necessary to impart multibinding properties. 

Accordingly, in one of its method aspects, this invention is directed to a 
25 method for identifying multimeric compounds possessing multibinding properties 
against macromolecular structures which method comprises: 

(a) identifying a macromolecular ligand or a mixture of 
macromolecular ligands wherein each ligand contains at least one reactive 
functionality; 
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(b) identifying a library of linkers wherein each linker in said library 
comprises at least two functional groups having complementary reactivity to at 

. least one of the reactive functional groups of the macromolecular ligand; 

(c) preparing a multimeric compound library by combining at least two 
5 stoichiometric equivalents of the macromolecular ligand or mixture of ligands 

identified in (a) with the library of linkers identified in (b) under conditions 
wherein the complementary functional groups react to form a covalent linkage 
between said linker and at least two of said ligands; and 

(d) assaying the multimeric compounds produced in (c) above to 

1 0 identify compounds possessing multibinding properties against macromolecular 
receptors. 

In another of its method aspects, this invention is directed to a method 
for identifying multimeric compounds possessing multibinding properties against 
1 5 macromolecular structures which method comprises: 

(a) identifying a library of macromolecular ligands wherein each ligand 
contains at least one reactive functionality; 

(b) identifying a linker or mixture of linkers wherein each linker 
comprises at least two functional groups having complementary reactivity to at 

20 least one of the reactive functional groups of the macromolecular ligand; 

(c) preparing a multimeric compound library by combining at least two 
stoichiometric equivalents of the library of macromolecular ligands identified in 
(a) with the linker or mixture of linkers identified in (b) under conditions wherein 
the complementary functional groups react to form a covalent linkage between said 

25 linker and at least two of said macromolecular ligands; and 

(d) assaying the multimeric compounds produced in (c) above to 
identify multimeric compounds possessing multibinding properties against 
macromolecular receptors. 

30 The preparation of the multimeric compound library is achieved by either 

the sequential or concurrent combination of the two or more stoichiometric _ . 
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equivalents of the ligands identified in (a) with the linkers identified in (b). 
Sequential addition of macromolecular ligands is preferred when a mixture of 
different macromolecular ligands is employed to ensure that heterodimeric or 
multimeric compounds are prepared. Concurrent addition of the macromolecular 
5 ligands is preferred when it is desired that at least a portion of the to-be-prepared 
multimeric compounds will be homomultimeric compounds. 

The assay protocols recited in (d) can be conducted on the multimeric 
compound library produced in (c) above, or preferably, each member of the library 
1 0 can first be isolated, for example, by preparative liquid chromatography mass 
spectrometry (LCMS) and then assayed. 

In one of its composition aspects, this invention is directed to a library of 
multimeric compounds which may possess multivalent properties against 
1 5 macromolecular receptors which library is prepared by the method comprising: 

(a) identifying a macromolecular ligand or a mixture of ligands wherein 
each macromolecular ligand contains at least one reactive functionality; 

(b) identifying a library of linkers wherein each linker in said library 
comprises at least two functional groups having complementary reactivity to at 

20 least one of the reactive functional groups of the macromolecular ligand; and 

(c) preparing a multimeric 'compound library by combining at least two 
stoichiometric equivalents of the macromolecular ligand or mixture of ligands 
identified in (a) with the library of linkers identified in (b) under conditions 
wherein the complementary functional groups react to form a covalent linkage 

25 between said linker and at least two of said macromolecular ligands. 

In another of its composition aspects, this invention is directed to a library 
of multimeric compounds which may possess multivalent properties against 
macromolecular receptors which library is prepared by the method comprising: 
30 (a) identifying a library of macromolecular ligands wherein each ligand 

contains at least one reactive functionality; - • 
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(b) identifying a linker or mixture of linkers wherein each linker 
comprises at least two functional groups having complementary reactivity to at 
least one of the reactive functional groups of the macromolecular ligand; and 

(c) preparing a multimeric compound library by combining at least two 
5 stoichiometric equivalents of the library of macromolecular ligands identified in 

(a) with the linker or mixture of linkers identified in (b) under conditions wherein 
the complementary functional groups react to form a covalent linkage between said 
linker and at least two of said macromolecular ligands. 

10 In a preferred embodiment, the library of linkers employed in either the 

methods or the library aspects of this invention is selected from the group 
comprising flexible linkers, rigid linkers, hydrophobic linkers, hydrophilic linkers, 
linkers of different geometry, acidic linkers, basic linkers, linkers of different 
polarization and/or polarizability, and amphiphilic linkers. For example, in one 

1 5 embodiment, each of the linkers in the linker library may comprise linkers of 
different chain length and/or having different complementary reactive groups. 
Such linker lengths can preferably range from about 2 to 100A. 

In another preferred embodiment, the macromolecular ligand or mixture of 
20 ligands is selected to have reactive functionality at different sites on said ligands in 
order to provide for a range of orientations of said ligand on said multimeric 
compounds. Such reactive functionality includes, by way of example, carboxylic 
acids, carboxylic acid halides, carboxyl esters, amines, halides, pseudohalides, 
isocyanates, vinyl unsaturation, ketones, aldehydes, thiols, alcohols, boronates, 
25 anhydrides, and precursors thereof. It is understood, of course, that the reactive 
functionality on the macromolecular ligand is selected to be complementary to at 
least one of the reactive groups on the linker so that a covalent linkage can be 
formed between the linker and the macromolecular ligand. 

30 In other embodiments, the multimeric compound is homomeric (i.e., each 

of the macromolecular ligands is the same, although it may be attached at different. 
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points) or heteromeric (i.e., at least one of the macromolecular ligands is different 
from the other macromolecular ligands). 

In addition to the combinatorial methods described herein, this invention 
5 provides for an interative process for rationally evaluating what molecular 

constraints impart multibinding properties to a class of multimeric compounds or 
ligands targeting a macromolecular receptor. Specifically, this method aspect is 
directed to a method for identifying multimeric compounds possessing 
multibinding properties against macromolecular receptors which method 
10 comprises: 

(a) preparing a first collection or iteration of multimeric compounds 
which is prepared by contacting at least two stoichiometric equivalents of a 
macromolecular Iigand or mixture of ligands which target a macromolecular 
receptor with a linker or mixture of linkers wherein said ligand or mixture of 

1 5 ligands comprises at least one reactive functionality and said linker or mixture of 
linkers comprises at least two functional groups having complementary reactivity 
to at least one of the reactive functional groups of the macromolecular ligand 
wherein said contacting is conducted under conditions wherein the complementary 
functional groups react to form a covalent linkage between said linker and at least 

20 two of said ligands; 

(b) assaying said first collection or iteration of multimeric compounds 
to assess which if any of said multimeric compounds possess multibinding 
properties against macromolecular structures; 

(c) repeating the process of (a) and (b) above until at least one 
25 multimeric compound is found to possess multibinding properties against 

macromolecular structures; 

(d) evaluating what molecular constraints imparted multibinding 
properties to the multimeric compound or compounds found in the first iteration 
recited in (a)- (c) above; 
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(e) creating a second collection or iteration of multimeric compounds 
which elaborates upon the particular molecular constraints imparting multibinding 
properties to the multimeric compound or compounds found in said first iteration; 

(f) evaluating what molecular constraints imparted enhanced 

5 multibinding properties to the multimeric compound or compounds found in the 
second collection or iteration recited in (e) above; 

(g) optionally repeating steps (e) and (f) to further elaborate upon said 
molecular constraints. 

10 Preferably, steps (e) and (f) are repeated at least two times, more preferably 

at from 2-50 times, even more preferably from 3 to 50 times, and still more 
preferably at least 5-50 times. 

1 5 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.s 1-1 1 and 43-44 illustrate numerous reaction schemes suitable for 
preparing linkers and, hence, multibinding compounds of this invention. 

FIG. 12 illustrates examples of multibinding compounds comprising 2 
20 ligands attached in different formats to a linker. 

FIG. 13 illustrates examples of multibinding compounds comprising 3 
ligands attached in different formats to a linker. 

25 FIG. 14 illustrates examples of multibinding compounds comprising 4 

ligands attached in different formats to a linker. 

FIG. 15 illustrates examples of multibinding compounds comprising 
greater than 4 ligands attached in different formats to a linker. 

30 
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FIG.s 16 and 17 illustrate examples of bivalent and trivalent pleconaril 
oligomers. 

FIG. 18 illustrates examples for the formation of such multibinding 
5 pleconaril compounds illustrated in FIG. 16 and FIG. 17, 

FIG.s 19-25 illustrate several polyene macrolide antifungal agents and 
convenient methods for their synthesis into the multibinding compounds of this 
invention. 

10 

FIG. 26 illustrates the structures of several microtubule structures. 

FIG. 27 illustrates the SAR for Taxol and points on the molecule subject to 
modification. 

15 

FIG.s 28-30 illustrate the structures of several tubulin polymerization 
inhibitors, 

FIG. 31 illustrates different combrestatin dimers wherein, in this figure, the 
20 oval shape structure linking the dimers refers to a conventional linker group. 

FIG. 32 illustrates different 2-phenyH,8-naphthyridin-4-one dimers 
wherein, in this figure, the oval shape structure linking the dimers refers to a 
conventional linker group. 

25 

FIG. 33 illustrates the structures of several actin binders. 

FIG.s 34-38 illustrate the structures of several taxol-based monomers and 

dimers. 

30 

FIG. 39 illustrates the structures of several taxol-based trimers. 
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FIG. 40 illustrates different 2-phenyl-l,8-naphthyridin-4-one dimers and 
monomers useful therewith wherein, in this figure, the oval shape structure linking 
the dimers refers to a conventional linker group. 

5 FIG. 4 1 illustrates a colchicine-based dimer and monomers useful therewith 

wherein, in this figure, the oval shape structure linking the dimers refers to a 
conventional linker group. 

FIG. 42 illustrates noscapine monomer and positions available thereon to 
1 0 form dimers, trimers and higher multibinding compounds as per this invention. In 
this figure, the oval shape structure linking the dimers refers to a conventional 
linker group. 



15 DETAILED DESCRIPTION OF THE INVENTION 

Ligand interactions with macromolecular structures of cells are controlled 
by molecular interaction/recognition between the macromolecular ligand and the 
structure. In turn, such interaction can result in modulation or disruption of the 
biological processes/functions of these cells and, in some cases, leads to cell death. 
20 Accordingly, when cells mediate mammalian pathologic conditions, interactions of 
the macromolecular ligand with the cellular or microbial macromolecular structure 
can be used to treat these conditions. 

The interaction of a macromolecular structure and a macromolecular ligand 
25 may be described in terms of "affinity" and "specificity". The affinity and 

specificity of any given ligand/macromolecular structure interaction are dependent 
upon the complementarity of molecular binding surfaces and the energetic costs of 
complexation. Affinity is sometimes quantified by the equilibrium constant of 
complex formation. 



30 
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Specificity relates to the difference in affinity between the same ligand 
binding to different ligand binding sites on the same or different macromolecular 
structures. 

5 The multibinding compounds of this invention are capable of acting as 

multibinding agents and the surprising activity of these compounds arises at least 
in part from their ability to bind in a multivalent manner with one or more 
macromolecular structures of cells. . Multivalent binding interactions are 
characterized by the concurrent interaction of multiple ligands with multiple ligand 

1 0 binding sites on one or more macromolecular structures. Multivalent interactions 
differ from collections of individual monovalent interactions by imparting 
enhanced biological and/or therapeutic effect. Examples of multivalent binding 
interactions (e.g., trivalent) relative to monovalent binding interactions are shown 
below: 

15 




Just as multivalent binding can amplify binding affinities, it can also amplify 
differences in binding affinities, resulting in enhanced binding specificity as well 
20 as affinity. 
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Prior to discussing this invention in further detail, the following terms will 
first be defined. 

The term "library" refers to at least 3, preferably from 10 2 to 1 0 9 and more 
5 preferably from 10 2 to \0 A multimeric compounds. Preferably, these compounds 
are prepared as a multiplicity of compounds in a single solution or reaction mixture 
which permits facile synthesis thereof. In one embodiment, the library of 
multimeric compounds can be directly assayed for multibinding properties. In 
another embodiment, each member of the library of multimeric compounds is first 
1 0 isolated and, optionally, characterized. This member is then assayed for 
multibinding properties. 

The term "collection" refers to a set of multimeric compounds which are 
prepared either sequentially or concurrently (e.g., combinatorially). The collection 
1 5 comprises at least 2 members; preferably from 2 to 1 0 9 members and still more 
preferably from 10 to 10 4 members. 

The term "multimeric compound" refers to compounds comprising from 2 
to 10 macromolecular ligands covaleptly connected through at least one linker 
20 which compounds may or may not possess multibinding properties (as defined 
herein). 

The term "alkyl" refers to a monoradical branched or unbranched saturated 
hydrocarbon chain preferably having from 1 to 40 carbon atoms, more preferably 1 
25 to 10 carbon atoms, and even more preferably 1 to 6 carbon atoms. This term is 
exemplified by groups such as methyl, ethyl, n-propyl, tftf-propyl, H-butyl, iso- 
butyl, «-hexyl, w-decyl, tetradecyl, and the like. 

The term "substituted alkyl" refers to an alkyl group as defined above, 
30 having from 1 to 5 substituents, and preferably 1 to 3 substituents, selected from 
the group consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted •- • 
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cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, 
amino, substituted amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, 
halogen, hydroxyl, keto, thioketo, carboxyl, carboxylalkyl, thioaryloxy, 
thioheteroaryloxy, thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, 
5 aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, 

hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, 
-SO-heteroaryl, -S0 2 -alkyl, -S0 2 -substituted alkyl, -S0 2 -aryl and -S0 2 -heteroaryl. 

The term "alkylene" refers to a diradical of a branched or unbranched 
10 saturated hydrocarbon chain, preferably having from 1 to 40 carbon atoms, more 
preferably 1 to 10 carbon atoms and even more preferably 1 to 6 carbon atoms. 
This term is exemplified by groups such as methylene (-CH 2 -), ethylene 
(-CH 2 CH 2 -), the propylene isomers (e.g., -CH 2 CH 2 CH 2 - and -CH(CH 3 )CH 2 -) and 
the like. 

15 

The term "substituted alkylene" refers to an alkylene group, as defined 
above, having from 1 to 5 substituents, and preferably 1 to 3 substituents, selected 
from the group consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted 
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, 

20 amino, substituted amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, 
halogen, hydroxyl, keto, thioketo, carboxyl, carboxylalkyl, thioaryloxy, 
thioheteroaryloxy, thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, 
aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, 
hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, 

25 -SO-heteroaryl, -S0 2 -alkyl, -S0 2 -substituted alkyl, -S0 2 -aryl and -S0 2 -heteroaryl. 
Additionally, such substituted alkylene groups include those where 2 substituents 
on the alkylene group are fused to form one or more cycloalkyl, substituted 
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, heterocyclic or heteroaryl 
groups fused to the alkylene group. Preferably such fused groups contain from 1 

30 to 3 fused ring structures. 
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The term "alkaryl" refers to the groups -alkylene-aryl and -substituted 
alkylene-aryl where alkylene, substituted alkylene and aryl are defined herein. 
Such alkaryl groups are exemplified by benzyl, phenethyl and the like. 

5 The term "alkoxy" refers to the groups alkyl-O-, alkenyl-O-, cycloalkyl-O-, 

cycloalkenyl-O-, and alkynyl-O-, where alkyl, alkenyl, cycloalkyl, cycloalkenyl, 
and alkynyl are as defined herein. Preferred alkoxy groups are alkyl-O- and 
include, by way of example, methoxy, ethoxy, w-propoxy, wo-propoxy, rc-butoxy, 
ter/-butoxy, sec-butoxy, w-pentoxy, n-hexoxy, 1,2-dimethylbutoxy, and the like. 

10 

The term "substituted alkoxy" refers to the groups substituted alkyl-O-, 
substituted alkenyl-O-, substituted cycloalkyl-O-, substituted cycloalkenyl-O-, and 
substituted alkynyl-O- where substituted alkyl, substituted alkenyl, substituted 
cycloalkyl, substituted cycloalkenyl and substituted alkynyl are as defined herein. 

15 

The term "alkylalkoxy" refers to the groups -alkylene-O-alkyl, 
alkylene-O-substituted alkyl, substituted alkylene-O-alkyl and substituted 
alkylene-O-substituted alkyl wherein alkyl, substituted alkyl, alkylene and 
substituted alkylene are as defined herein. Preferred alkylalkoxy groups are 
20 alkylene-O-alkyl and include, by way of example, methylenemethoxy 

(-CH 2 OCH 3 ), ethylenemethoxy (-CH 2 CH 2 OCH 3 ), n-propylene-w-propoxy 
(-CH 2 CH 2 CH 2 OCH(CH 3 ) 2 ), methylene-/-butoxy (-CH 2 -0-C(CH 3 ) 3 ) and the like. 

The term "alkylthioalkoxy" refers to the group -alkylene-S-alkyl, 
25 alkylene-S-substituted alkyl, substituted alkylene-S-alkyl and substituted alkylene- 
S-substituted alkyl wherein alkyl, substituted alkyl, alkylene and substituted 
alkylene are as defined herein. Preferred alkylthioalkoxy groups are alkylene-S- 
alkyl and include, by way of example, methylenethiomethoxy (-CH 2 SCH 3 ), 
ethylenethiomethoxy (-CH 2 CH 2 SCH 3 ), H-propylene-wo-thiopropoxy 
30 (-CH 2 CH 2 CH 2 SCH(CH 3 ) 2 ), methylene-Hhiobutoxy (-CH 2 SC(CH 3 ) 3 ) and the like. 
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The tenn "alkenyl" refers to a monoradical of a branched or unbranched 
unsaturated hydrocarbon group preferably having from 2 to 40 carbon atoms, more 
preferably 2 to 10 carbon atoms and even more preferably 2 to 6 carbon atoms and 
having at least 1 and preferably from 1-6 sites of vinyl unsaturation. Preferred 
5 alkenyl groups include ethenyl (-CH=CH 2 ), n-propenyl (-CH 2 CH=CH 2 ), iso- 
propenyl (-C(CH 3 )=CH 2 ), and the like. 

The term "substituted alkenyl" refers to an alkenyl group as defined above 
having from 1 to 5 substituents, and preferably 1 to 3 substituents, selected from 

10 the group consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted 
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, 
amino, substituted amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, 
halogen, hydroxyl, keto, thioketo, carboxyl, carboxylalkyl, thioaryloxy, 
thioheteroaryloxy, thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, 

1 5 aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, 
hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, 
-SO-aryl, -SO-heteroaryl, -S0 2 -alkyl, -S0 2 -substituted alkyl, -S0 2 -aryl and -S0 2 - 
heteroaryl. 

20 The term "alkenylene" refers to a diradical of a branched or unbranched 

unsaturated hydrocarbon group preferably having from 2 to 40 carbon atoms, more 
preferably 2 to 10 carbon atoms and even more preferably 2 to 6 carbon atoms and 
having at least 1 and preferably from 1-6 sites of vinyl unsaturation. This term is 
exemplified by groups such as ethenylene (-CHK^H-), the propenylene isomers 

25 (e.g., -CH 2 CH=CH- and -C(CH 3 )=CH-) and the like. 

The term "substituted alkenylene" refers to an alkenylene group as defined 
above having from 1 to 5 substituents, and preferably from 1 to 3 substituents, 
selected from the group consisting of alkoxy, substituted alkoxy, cycloalkyl, 
30 substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, 

acyloxy, amino, substituted amino, aminoacyl, aminoacyloxy, oxyaminoacyl, - • 
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azido, cyano, halogen, hydroxyl, keto, thioketo, carboxyl, carboxylalkyl, 
thioaryloxy, thtoheteroaryloxy, thioheterocyclooxy, thiol, thioalkoxy, substituted 
thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, 
hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, 
5 -SO-heteroaryl, -S0 2 -alkyl 5 -S0 2 -substituted alkyl, -S0 2 -aryl and -S0 2 -heteroaryl. 
Additionally, such substituted alkenylene groups include those where 2 
substituents on the alkenylene group are fused to form one or more cycloalkyl, 
substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, heterocyclic or 
heteroaryl groups fused to the alkenylene group. 

10 

The term "alkynyP refers to a monoradical of an unsaturated hydrocarbon 
preferably having from 2 to 40 carbon atoms, more preferably 2 to 20 carbon 
atoms and even more preferably 2 to 6 carbon atoms and having at least 1 and 
preferably from 1-6 sites of acetylene (triple bond) unsaturation. Preferred alkynyl 
1 5 groups include ethynyl (-OCH), propargyl (-CH 2 C= CH) and the like. 

The term "substituted alkynyl" refers to an alkynyl group as defined above 
having from 1 to 5 substituents, and preferably 1 to 3 substituents, selected from 
the group consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted 

20 cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, 

amino, substituted amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, 
halogen, hydroxyl, keto, thioketo, carboxyl, carboxylalkyl, thioaryloxy, 
thioheteroaryloxy, thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, 
aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, 

25 hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, 
-SO-heteroaryl, -S0 2 -alkyl, -S0 2 -substituted alkyl, -S0 2 -aryl and -S0 2 -heteroaryL 

The term "alkynylene" refers to a diradical of an unsaturated hydrocarbon 
preferably having from 2 to 40 carbon atoms, more preferably 2 to 10 carbon 
30 atoms and even more preferably 2 to 6 carbon atoms and having at least 1 and 
preferably from 1 -6 sites of acetylene (triple bond) unsaturation. Preferred - ■ 
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alkynylene groups include ethynylene (-OC-), propargylene (-CH 2 OC-) and the 
like. 

The term "substituted alkynylene" refers to an alkynylene group as defined 
5 above having from 1 to 5 substituents, and preferably 1 to 3 substituents, selected 
from the group consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted 
cycloalkyl, cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, 
amino, substituted amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, 
halogen, hydroxyl, keto, thioketo, carboxyl, carboxylalkyl, thioaryloxy, 
1 0 thioheteroaryloxy, thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, 
aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, 
hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SOsubstituted alkyl, -SO-aryl, 
-SO-heteroaryl, -S0 2 -alkyl, -S0 2 -substituted alkyl, -S0 2 -aryl and -S0 2 -heteroaiyl. 

1 5 The term "acyl" refers to the groups HC(O)-, alkyl-C(O)-, substituted 

alkyl-C(O)-, cycloalkyl-C(0)-, substituted cycloalkyl-C(O)-, cycloalkenyi-C(O)-, 
substituted cycloalkenyl-C(O)-, aryl-C(O)-, heteroaryl-C(O)- and heterocyclic- 
C(O)- where alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, 
cycloalkenyl, substituted cycloalkenyl, aryl, heteroaryl and heterocyclic are as 

20 defined herein. 

The term "acylamino" or "aminocarbonyl" refers to the group -C(0)NRR 
where each R is independently hydrogen, alkyl, substituted alkyl, aryl, heteroaryl, 
heterocyclic or where both R groups are joined to form a heterocyclic group (e.g., 
25 morpholino) wherein alkyl, substituted alkyl, aryl, heteroaryl and heterocyclic are 
as defined herein. 

The term "aminoacyl" refers to the group -NRC(0)R where each R is 
independently hydrogen, alkyl, substituted alkyl, aryl, heteroaryl, or heterocyclic 
30 wherein alkyl, substituted alkyl, aryl, heteroaryl and heterocyclic are as defined 
herein. 
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The term "aminoacyloxy" or "aikoxycarbonylamino" refers to the group 
-NRC(0)OR where each R is independently hydrogen, alkyl, substituted alkyl, 
aryl, heteroaryl, or heterocyclic wherein alkyl, substituted alkyl, aryl, heteroaryl 
and heterocyclic are as defined herein. 

5 

The term "acyloxy" refers to the groups alkyl-C(0)0- 5 substituted alkyl- 
C(0)0-, cycloalkyl-C(0)0-, substituted cycloalkyl-C(0)0-, aryl-C(0)O, 
heteroaryl-C(0)0-, and heterocyclic-C(0)0- wherein alkyl, substituted alkyl, 
cycloalkyl, substituted cycloalkyl, aryl, heteroaryl, and heterocyclic are as defined 
10 herein. 

The term "aryl" refers to an unsaturated aromatic carbocyclic group of from 
6 to 20 carbon atoms having a single ring (e.g., phenyl) or multiple condensed 
(fused) rings (e.g., naphthyl or anthryl). Preferred aryls include phenyl, naphthyl 
15 and the like. 

Unless otherwise constrained by the definition for the aryl substituent, such 
aryl groups can optionally be substituted with from 1 to 5 substituents, preferably 1 
to 3 substituents, selected from the group consisting of acyloxy, hydroxy, thiol, 

20 acyl, alkyl, alkoxy, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, substituted alkyl, 
substituted alkoxy, substituted alkenyl, substituted alkynyl, substituted cycloalkyl, 
substituted cycloalkenyl, amino, substituted amino, aminoacyl, acylamino, alkaryl, 
aryl, aryloxy, azido, carboxyl, carboxylalkyl, cyano, halo, nitro, heteroaryl, 
heteroaryloxy, heterocyclic, heterocyclooxy, aminoacyloxy, oxyacylamino, 

25 thioalkoxy, substituted thioalkoxy, thioaryloxy, thioheteroaryloxy, -SO-alkyl, 

-SO-substituted alkyl, -SO-aryl, -SO-heteroaryl, -SO r alkyl, -S0 2 -substituted alkyl, 
-S0 2 -aryl, -S0 2 -heteroaryl and trihalomethyl. Preferred aryl substituents include 
alkyl, alkoxy, halo, cyano, nitro, trihalomethyl, and thioalkoxy. 

30 The term "aryloxy" refers to the group aryl-O- wherein the aryl group is as 

defined above including optionally substituted aryl groups as also defined above. • 
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The term "arylene" refers to the diradical derived from aryl (including 
substituted aryl) as defined above and is exemplified by 1,2-phenylene, 1,3- 
pheny lene, 1 ,4-phenylene, 1 ,2-naphthylene and the like. 

5 The term "amino" refers to the group -NH 2 . 

The term "substituted amino refers to the group -NRR where each R is 
independently selected from the group consisting of hydrogen, alkyl, substituted 
alkyl, cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl, 
10 cycloalkenyl, substituted cycloalkenyl, alkynyl, substituted alkynyl, aryl, 
heteroaryl and heterocyclic provided that both R's are not hydrogen. 

The term "carboxy alkyl" or "alkoxycarbonyl" refers to the groups 
•'-C(0)0-alkyr, "-C(0)0-substituted alkyl", "-C(0)0-cycloalkyl", "-C(0)0- 
1 5 substituted cycloalkyl", "-C(0)0-alkenyl\ "-C(0)0-substituted alkenyl", 

"-C(0)0-alkynyl" and "-C(0)0-substituted alkynyl" where alkyl, substituted alkyl, 
cycloalkyl, substituted cycloalkyl, alkenyl, substituted alkenyl, alkynyl and 
substituted alkynyl alkynyl are as defined herein. 

20 The term "cycloalkyl" refers to cyclic alkyl groups of from 3 to 20 carbon 

atoms having a single cyclic ring or multiple condensed rings. Such cycloalkyl 
groups include, by way of example, single ring structures such as cyclopropyl, 
cyclobutyl, cyclopentyl, cyclooctyl, and the like, or multiple ring structures such as 
adamantanyl, and the like. 



25 



The term "cycloalkylene" refers to the diradical derived from cycloalkyl as 
defined above and is exemplified by 1,1-cyclopropylene, 1,2-cyclobutylene, 1,4- 
cyclohexylene and the like. 



30 



The term "substituted cycloalkyl" refers to cycloalkyl groups having from 
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1 to 5 substituents, and preferably 1 to 3 substituents, selected from the group 
consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl, 
cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, amino, 
substituted amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, 

5 halogen, hydroxyl, keto, thioketo, carboxyl, carboxylalkyl, thioaryloxy, 

thioheteroaryloxy, thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, 
aryl, aryloxy, heteroaryl.heteroaryloxy, heterocyclic, heterocyclooxy, 
hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, 
-SO-aryl, -SO-heteroaryl, -S0 2 -alkyl, -S0 2 -substituted alkyl, -S0 2 -aryl and -S0 2 - 

10 heteroaryl. 

The term "substituted cycloalkylene" refers to the diradical derived from 
substituted cycloalkyl as defined above. 

15 The term "cycloalkenyl" refers to cyclic alkenyl groups of from 4 to 20 

carbon atoms having a single cyclic ring and at least one point of internal 
unsaturation. Examples of suitable cycloalkenyl groups include, for instance, 
cyclobut-2-enyl, cyclopent-3-enyl, cyclooct-3-enyl and the like. 

20 The term "cycloalkenylene" refers to the diradical derived from 

cycloalkenyl as defined above and is exemplified by 1,2-cyclobut-l-enylene, 1,4- 
cyclohex-2-enylene and the like. 

The term "substituted cycloalkenyl" refers to cycloalkenyl groups having 
25 from 1 to 5 substituents, and preferably 1 to 3 substituents, selected from the group 
consisting of alkoxy, substituted alkoxy, cycloalkyl, substituted cycloalkyl, 
cycloalkenyl, substituted cycloalkenyl, acyl, acylamino, acyloxy, amino, 
substituted amino, aminoacyl, aminoacyloxy, oxyaminoacyl, azido, cyano, 
halogen, hydroxyl, keto, thioketo, carboxyl, carboxylalkyl, thioaryloxy, 
30 thioheteroaryloxy, thioheterocyclooxy, thiol, thioalkoxy, substituted thioalkoxy, 
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aryl, aryloxy, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, 
hydroxyamino, alkoxyamino, nitro, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, 
-SO-heteroaryl, -SO r alkyl, -S0 2 -substituted alkyl, -S0 2 -aryl and -S0 2 -heteroaryl. 

5 The term "substituted cycloalkenylene" refers to the diradical derived from 

substituted cycloalkenyl as defined above. 

The term "halo" or "halogen" refers to fluoro, chloro, bromo and iodo. 

1 0 The term "pseudohalide" refers to functional groups which react in 

displacement reactions in a manner similar to a halogen. Such functional groups 
include, by way of example, mesyl, tosyl, azido and cyano groups. 

The term "heteroaryl" refers to an aromatic group of from 1 to 15 carbon 
15 atoms and 1 to 4 heteroatoms selected from oxygen, nitrogen and sulfur within at 
least one ring (if there is more than one ring). 

Unless otherwise constrained by the definition for the heteroaryl 
substituent, such heteroaryl groups can be optionally substituted with 1 to 5 

20 substituents, preferably 1 to 3 substituents, selected from the group consisting of 
acyloxy, hydroxy, thiol, acyl, alkyl, alkoxy, alkenyl, alkynyl, cycloalkyl, 
.cycloalkenyl, substituted alkyl, substituted alkoxy, substituted alkenyl, substituted 
alkynyl, substituted cycloalkyl, substituted cycloalkenyl, amino, substituted amino, 
aminoacyl, acylamino, alkaryl, aryl, aryloxy, azido, carboxyl, carboxylalkyl, 

25 cyano, halo, nitro, heteroaryl, heteroaryloxy, heterocyclic, heterocyclooxy, 
aminoacyloxy, oxyacylamino, thioalkoxy, substituted thioalkoxy, thioaryloxy, 
thioheteroaryloxy, -SO-alkyl, -SO-substituted alkyl, -SO-aryl, -SO-heteroaryl, 
-S0 2 -alkyl, -S0 2 -substituted alkyl, -S0 2 -aryl, -S0 2 -heteroaryl and trihalomethyl. 
Preferred aryl substituents include alkyl, alkoxy, halo, cyano, nitro, trihalomethyl, 

30 and thioalkoxy. Such heteroaryl groups can have a single ring (e.g., pyridyl or 



i 
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furyl) or multiple condensed rings (e.g., indolizinyl or benzothienyl). Preferred 
heteroaryls include pyridyl, pyrrolyl and furyl. 

The term "heteroaryloxy" refers to the group heteroaryl-O-. 

5 

The term "heteroarylene" refers to the diradical group derived from 
heteroaryl (including substituted heteroaryl), as defined above, and is exemplified 
by the groups 2,6-pyridylene, 2,4-pyridiylene, 1,2-quinolinylene, 1,8- 
quinolinylene, 1,4-benzofuranylene, 2,5-pyridnylene, 2,5-indolenyl and the like. 



10 



15 



The term "heterocycle" or "heterocyclic" refers to a monoradical saturated 
unsaturated group having a single ring or multiple condensed rings, from 1 to 40 
carbon atoms and from 1 to 1 0 hetero atoms, preferably 1 to 4 heteroatoms, 
selected from nitrogen, sulfur, phosphorus, and/or oxygen within the ring. 



Unless otherwise constrained by the definition for the heterocyclic 
substituent, such heterocyclic groups can be optionally substituted with 1 to 5, and 
preferably 1 to 3 substituents, selected from the group consisting of alkoxy, 
substituted alkoxy, cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted 

20 cycloalkenyl, acyl, acylamino, acyloxy, amino, substituted amino, aminoacyl, 
aminoacyloxy, oxyaminoacyl, azido, cyano, halogen, hydroxyl, keto, thioketo, 
carboxyl, carboxylalkyl, thioaryloxy, thioheteroaryloxy, thioheterocyclooxy, thiol, 
thioalkoxy, substituted thioalkoxy, aryl, aryloxy, heteroaryl, heteroaryloxy, 
heterocyclic, heterocyclooxy, hydroxyamino, alkoxyamino, nitro, -SO-alkyl, 

25 -SO-substituted alkyl, -SO-aryl, -SO-heteroaryl, -S0 2 -alkyl, -S0 2 -substituted alkyl, 
-S0 2 -aryl and -S0 2 -heteroaryl. Such heterocyclic groups can have a single ring or 
multiple condensed rings. Preferred heterocyclics include morpholino, piperidinyl, 
and the like. 

30 Examples of nitrogen heterocycles and heteroaryls include, but are not 

limited to, pyrrole, imidazole, pyrazole, pyridine, pyrazine, pyrrolidine, pyridazine,- 
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indolizine, isoindole, indole, indazole, purine, quinolizine, isoquinoline, quinoline, 
phthalazine, naphthylpyridine, quinoxaline, quinazoline, cinnoline, pteridine, 
carbazole, carboline, phenanthridine, acridine, phenanthroline, isothiazole, 
phenazine, isoxazole, phenoxazine, phenothiazine, imidazolidine, imidazoline, 
5 piperidine, piperazine, indoline, morpholino, piperidinyl, tetrahydrofuranyl, and 
the like as well as N-alkoxy-nitrogen containing heterocycles. 

A preferred class of heterocyclics include "crown compounds" which refers 
to a specific class of heterocyclic compounds having one or more repeating units of 
10 the formula [-(CH 2 ) m Y-] where m is *2, and Y at each separate occurrence can be 
0, N, S or P. Examples of crown compounds include, by way of example only, 
[-(CH 2 ) 3 -NH-] 3 , [-((CH 2 ) 2 -0) 4 -((CH 2 ) 2 -NH-)J and the like. Typically such crown 
compounds can have from 4 to 10 heteroatoms and 8 to 40 carbon atoms. 

1 5 The term "heterocyclooxy" refers to the group heterocyclic-O-. 

The term "thioheterocyclooxy" refers to the group heterocyclic-S-. 

The term "heterocyclene" refers to the diradical group formed from a 
20 heterocycle, as defined herein, and is exemplified by the groups 2,6-morpholino, 
2,5-morpholino and the like. 

The term "oxyacylamino" or "aminocarbonyloxy" refers to the group 
-OC(0)NRR where each R is independently hydrogen, alkyl, substituted alkyl, 
25 aryl, heteroaryl, or heterocyclic wherein alkyl, substituted alkyl, aryl, heteroaryl 
and heterocyclic are as defined herein. 

The term "spiro-attached cycloalkyl group" refers to a cycloalkyl group 
attached to another ring via one carbon atom common to both rings. 



30 



The term "thiol" refers to the group -SH. 
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The term "thioalkoxy" refers to the group -S-alkyl. 

The term "substituted thioalkoxy" refers to the group -S-substituted alkyl. 

5 The term "thioaryloxy" refers to the group aryi-S- wherein the aryl group is 

as defined above including optionally substituted aryl groups also defined above. 

The term "thioheteroaryloxy" refers to the group heteroaryl-S- wherein the 
heteroaryl group is as defined above including optionally substituted aryl groups as 
10 also defined above. 

As to any of the above groups which contain one or more substituents, it is 
understood, of course, that such groups do not contain any substitution or 
substitution patterns which are sterically impractical and/or synthetically non- 
1 5 feasible. In addition, the compounds of this invention include all stereochemical 
isomers arising from the substitution of these compounds. 

The term "pharmaceutical^ acceptable salt" refers to salts which retain the 
biological effectiveness and properties of the multibinding compounds of this 
20 invention and which are not biologically or otherwise undesirable. In many cases, 
the multibinding compounds of this invention are capable of forming acid and/or 
base salts by virtue of the presence of amino and/or carboxyi groups or groups 
similar thereto. 

25 Pharmaceutical^ acceptable base addition salts can be prepared from 

inorganic and organic bases. Salts derived from inorganic bases, include by way of 
example only, sodium, potassium, lithium, ammonium, calcium and magnesium 
salts. Salts derived from organic bases include, but are not limited to, salts of 
primary, secondary and tertiary amines, such as alkyl amines, dialkyl amines, 

30 trialkyl amines, substituted alkyl amines, di(substituted alkyl) amines, 

tri(substituted alkyl) amines, alkenyl amines, dialkenyl amines, trialkenyl amines, . 
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substituted alkenyl amines, di(substituted alkenyl) amines, tri(substituted alkenyl) 
amines, cycloalkyl amines, di(cycloalkyl) amines, tri(cycloalkyl) amines, 
substituted cycloalkyl amines, disubstituted cycloalkyl amine, trisubstituted 
cycloalkyl amines, cycloalkenyl amines, di(cycloalkenyl) amines, tri(cycloalkenyl) 

5 amines, substituted cycloalkenyl amines, disubstituted cycloalkenyl amine, 
trisubstituted cycloalkenyl amines, aryl amines, diaryl amines, triaryl amines, 
heteroaryl amines, diheteroaryl amines, triheteroaryl amines, heterocyclic amines, 
diheterocyclic amines, triheterocyclic amines, mixed di- and tri-amines where at 
least two of the substituents on the amine are different and are selected from the 

1 0 group consisting of alkyl, substituted alkyl, alkenyl, substituted alkenyl, 

cycloalkyl, substituted cycloalkyl, cycloalkenyl, substituted cycloalkenyl, aryl, 
heteroaryl, heterocyclic, and the like. Also included are amines where the two or 
three substituents, together with the amino nitrogen, form a heterocyclic or 
heteroaryl group. 

15 

Examples of suitable amines include, by way of example only, 
isopropylamine, trimethyl amine, diethyl amine, tri(wo-propyl) amine, tri(«- 
propyl) amine, ethanolamine, 2-dimethylaminoethanol, tromethamine, lysine, 
arginine, histidine, caffeine, procaine, hydrabamine, choline, betaine, 
20 ethylenediamine, glucosamine, N-alkylglucamines, theobromine, purines, 

piperazine, piperidine, morpholine, N-ethylpiperidine, and the like. It should also 
be understood that other carboxylic acid derivatives would be useful in the practice 
of this invention, for example, carboxylic acid amides, including carboxamides, 
lower alkyl carboxamides, dialkyl carboxamides, and the like. 

25 

Pharmaceutically acceptable acid addition salts may be prepared from 
inorganic and organic acids. Salts derived from inorganic acids include 
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and 
the like. Salts derived from organic acids include acetic acid, propionic acid, 
30 glycolic acid, pyruvic acid, oxalic acid, malic acid, malonic acid, succinic acid, 
maleic acid, ftimaric acid, tartaric acid, citric acid, benzoic acid, cinnamic acid, . 
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mandelic acid, methanesulfonic acid, ethanesulfonic acid^-toluene-sulfonic acid, 
salicylic acid, and the like. 

The term "protecting group" or "blocking group" refers to any group which 
5 when bound to one or more hydroxyl, thiol, amino or carboxyl groups of the 
compounds (including intermediates thereof) prevents reactions from occurring at 
these groups and which protecting group can be removed by conventional chemical 
or enzymatic steps to reestablish the hydroxyl, thiol, amino or carboxyl group. The 
particular removable blocking group employed is not critical and preferred 
1 0 removable hydroxyl blocking groups include conventional substituents such as 
allyl, benzyl, acetyl, chloroacetyl, thiobenzyl, benzylidine, phenacyl, t-butyl- 
diphenylsilyl and any other group that can be introduced chemically onto a 
hydroxyl functionality and later selectively removed either by chemical or 
enzymatic methods in mild conditions compatible with the nature of the product. 

15 

Preferred removable thiol blocking groups include disulfide groups, acyl 
groups, benzyl groups, and the like. 

Preferred removable amino blocking groups include conventional 
20 substituents such as t-butyoxycarbonyl (t-BOC), benzyloxycarbonyl (CBZ), 

fluorenylmethoxycarbonyl (FMOC), allyloxycarbonyl (ALOC), and the like which 
can be removed by conventional conditions compatible with the nature of the 
product. 

25 Preferred carboxyl protecting groups include esters such as methyl, ethyl, 

propyl, f-butyl etc. which can be removed by mild conditions compatible with the 
nature of the product. 

The term "optional" or "optionally" means that the subsequently described 
30 event, circumstance or substituent may or may not occur, and that the description 
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includes instances where said event or circumstance occurs and instances where it 
does not. 

The term "ligand" or "macromolecular ligand" as used herein denotes a 
5 compound that is a binding partner for a macromolecular structure and is bound 
thereto by complementarity. The specific region or regions of the macromolecular 
lligand that is (are) recognized by the macromolecular structure is designated as the 
"ligand domain" or the "macromolecular ligand domain". A macromolecular 
ligand may be either capable of binding to a macromolecular structure by itself, or 
10 may require the presence of one or more non-ligand components for binding (e.g., 
C&\ Mg +2 or a water molecule is required for the binding of a macromolecular 
ligand to various ligand binding sites). It should be appreciated that the term 
"macromolecular ligand" does not infer that the ligand is macromolecular in size; 
rather, the term refers to the fact that the ligand targets a macromolecular receptor. 
15 As a point of fact, the ligand may or may not be macromolecular in size. 

Examples of macromolecular ligands useful in this invention are given 
below. Those skilled in the art will appreciate that portions of the macromolecular 
ligand structure that are not essential for specific molecular recognition and 
20 binding activity may be varied substantially, replaced or substituted with unrelated 
structures (for example, with ancillary groups as defined below) and, in some 
cases, omitted entirely without affecting the binding interaction. The primary 
requirement for a macromolecular ligand is that it has a ligand domain as denned 
above. It is understood that the term macromolecular ligand is not intended to be 

25 limited to compounds known to be useful in binding macromolecular structures 
(e.g., known drugs). Those skilled in the art will understand that the term 
macromolecular ligand can equally apply to a molecule that is not normally 
associated with macromolecular structure binding properties. The primary 
requirement for a macromolecular ligand as denned herein is that it has a ligand 

30 domain as denned above. In addition, it should be noted that macromolecular 
ligands that exhibit marginal activity or lack useful activity as monomers can be ■ 
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highly active as multivalent compounds because of the benefits conferred by 
raultivalency. 

The term "multibinding compound or agent" refers to a compound that is 

5 capable of multi valency, as defined below, and which has 2- 1 0 macromolecular 
ligands covalently bound to one or more linkers which may be the same or 
different. Multibinding compounds provide a biological and/or therapeutic effect 
greater than the aggregate of unlinked macromolecular ligands equivalent thereto 
which are made available for binding. That is to say that the biological and/or 

1 0 therapeutic effect of the macromolecular ligands attached to the multibinding 
compound is greater than that achieved by the same amount of unlinked 
macromolecular ligands made available for binding to the ligand binding sites 
(receptors). The phrase "increased biological or therapeutic effect" includes, for 
example: increased affinity, increased selectivity for target, increased specificity 

15 for target, increased potency, increased efficacy, decreased toxicity, improved 
duration of activity or action, increased ability to kill cells such as fungal 
pathogens, cancer cells, etc., decreased side effects, increased therapeutic index, 
improved bioavailibity, improved pharmacokinetics, improved activity spectrum, 
and the like. The multibinding compounds of this invention will exhibit at least 

20 one and preferably more than one of the above-mentioned affects. 

The term "potency" refers to the minimum concentration at which a 
macromolecular ligand is able to achieve a desirable biological or therapeutic 
effect. The potency of a macromolecular ligand is typically proportional to its 

25 affinity for its ligand binding site. In some cases, the potency may be non-linearly 
correlated with its affinity. In comparing the potency of two drugs, e.g., a 
multibinding agent and the aggregate of its unlinked macromolecular ligand, the 
dose-response curve of each is determined under identical test conditions (e.g., in 
an in vitro or in vivo assay, in an appropriate animal model). The finding that the 

30 multbinding agent produces an equivalent biological or therapeutic effect at a 
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lower concentration than the aggregate unlinked macromolecular ligand is 
indicative of enhanced potency. 

The term "univalency" as used herein refers to a single binding interaction 
5 between one macromolecular ligand as defined herein with one macromolecular 
ligand binding site as defined herein. It should be noted that a compound having 
multiple copies of a macromolecular ligand (or ligands) exhibit univalency when 
only one macromolecular ligand is interacting with a macromolecular ligand 
binding site. Examples of univalent interactions are depicted below. 




10 

The term "multivalency" as used herein refers to the concurrent binding of 
from 2 to 1 0 linked macromolecular ligands (which may be the same or different) 
and two or more corresponding receptors (macromolecular ligand binding sites) on 
the macromolecular structures which structures may be the same or different. 

15 

For example, two macromolecular ligands connected through a linker that 
bind concurrently to two macromolecular ligand binding sites would be considered 
as bivalency; three macromolecular ligands thus connected would be an example 
of trivalency. An example of trivalent binding, illustrating a multibinding 
20 compound bearing three macromolecular ligands versus a monovalent binding 
interaction, is shown below: 
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Univalent Interaction 




Trivalent Interaction 

It should be understood that not all compounds that contain multiple copies 
5 of a macromolecular ligand attached to a linker or to linkers necessarily exhibit the 
phenomena of multi valency, i.e., that the biological and/or therapeutic effect of the 
multibinding agent is greater than the sum of the aggregate of unlinked 
macromolecular ligands made available for binding to the macromolecular ligand 
binding site (receptor). For multivalency to occur, the macromolecular ligands that 
10 are connected by a linker or linkers have to be presented to their ligand binding 

sites by the linker(s) in a specific manner in order to bring about the desired ligand- 
orienting result, and thus produce a multibinding event. 

The term "selectivity" or "specificity" is a measure of the binding 
15 preferences of a macromolecular ligand for different macromolecular ligand 

binding sites (receptors). The selectivity of a macromolecular ligand with respect 
to its target macromolecular ligand binding site relative to another macromolecular 
ligand binding site is given by the ratio of the respective values of K d (i.e., the 
dissociation constants for each ligand-recep'or complex) or, in cases where a . 
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biological effect is observed below the K d , the ratio of the respective EC 50 S (i.e., 
the concentrations that produce 50% of the maximum response for the 
macromolecular ligand interacting with the two distinct ligand binding sites 
(receptors)). 

5 

The term "ligand binding site" or "macromolecular ligand binding site" 
denotes the site on a macromolecular structure that recognizes a macromolecular 
ligand domain and provides a binding partner for the macromolecular ligand. The 
macromolecular ligand binding site may be defined by monomeric or multimeric 

1 0 structures. This interaction may be capable of producing a unique biological 
effect, for example, agonism, antagonism, modulatory effects, may maintain an 
ongoing biological event, and the like. For the purposes of this invention, the 
macromolecular ligand/ligand domain, and the macromolecular ligand binding site 
. are not DNA, RNA, an antibody, an antibody domain, or a fragment of an 

15 antibody. 

It should be recognized that the ligand binding sites of the macromolecular 
structures that participate in biological multivalent binding interactions are 
constrained to varying degrees by their intra- and inter-molecular associations 
20 (e.g., such macromolecular structures may be covalently joined to a single 
structure, noncovalently associated in a multimeric structure, embedded in a 
membrane or polymeric matrix, and so on) and therefore have less translational 
and rotational freedom than if the same structures were present as monomers in 
solution. 

25 

The terms "agonism" and "antagonism" are well known in the art. The 
term "modulatory effect" refers to the ability of the ligand to change the activity of 
an agonist or antagonist through binding to a ligand binding site. 

30 The term "macromolecular structures" refer to cellular, extracellular and/or 

microbial components comprising 2 or more repeating structural subunits. Such . 
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molecules are often components of cellular construction such as components of 
cell envelops (e.g., phospholipid, sterol or lipid, protein, glycolipid, and 
glycoprotein components), internal cytosketal structures (e.g., fibrils, filaments, 
etc.), polysome membranes (e.g., cellular and extracellular), vesicles, organelles, 

5 and matrices (intracellular and extracellular). Macromolecular structures also may 
include structural components of microbial particles such as viruses. In other 
cases, these molecules may be important in maintaining or modulating cellular 
function. Such structures may include proteins which contain homo- and hetero- 
oligomeric repeating units such as endogenous or exogenous transcription factors. 

10 On the other hand, as used herein, macromolecular structures do not include DNA, 
RNA, antibodies, or antibody fragments. 

The macromolecular structure targeted by the macromolecular ligand can 
be found on/in endogenous mammalian cells or on/in exogenous sources (e.g., 
1 5 bacterial, viral, fungal, parasitic, sources). Binding between the macromolecular 
ligands of the multibinding compounds of this invention and the ligand binding 
sites on the macromolecular structure result in modulation or disruption of the 
biological process/function of cells and, in some cases, can lead to cell death. 

20 Examples of macromolecular structures and ligands which bind thereto, 

include those set forth in the table below: 
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Multivalent Modulators Of Macromolecular Interactions 



Target 


Current and Potential 
Therapeutic 
Indication^) 


Drugs and Other 
Ligands 


Fungal cell 
membrane sterol 


Fungal infections, viral 
infections, Creutzfeldt- 
Jakob disease 


Amphotericin, nystatin, 
candidacine, hamycin, ! 

auefungin, ascosin, 
ayfattin, azacolutin, DJ- 
400B, trichomycin a, 
levorin, heptamycin, 
candimycin, perimycin, 
vacidin A, fariefungin, 
roflamycoin, roxaticin, 
dermostin, aureofuscin, 
retilavendomycin, 
arenomycinB, 
lucensomycin, pimaricin, 
tetramycins A/B, tetrins 
A/B, aurenin, rimocidin, 
fungichromin, elizaethin, 
chainin, filipins 
I/II/III/IV, eurocidins 
A/B, gannibamycin, 
mycoticins A/B, 
dermostatins A/B, 
polifungin B, 
aureofungin A, candidin, 
mycoheptin, partricins 
A/B, perimycin A, 67- 
121 A/C, lienomycin, 
MS-8209, SPA-S-753, 
V-28-3B 


Fungal cell wall 
mannans/glycomannans 


Fungal infections 


Benanomicin A, 
pradimicins 


Bacterial membrane 


Bacterial infections 


Polymyxins, ranalexin, 
colistin, octapeptins, 
circuiin 


Bacterial cell wall 
lipoteichoic acid 


Bacterial infections 


Daptomycin 


Microbial cell membranes 


Microbial infections 


Magainins, cecropins, 
defensins, gramicidin A, 

apidaecin, bactenecin, 
dermaseptin, indolicidin, 

bombinins, brevinins, _ 
esculentin, tachyplesins, 

protegrins, squalamine 


Viral capsid 


Viral infections 


Pirodivir, pleconaril, 
WIN-54954,R-80633, 
R-61837.R-77975 
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Tubulin/microtubules 
Actin 



Cancer 
Hodgkin's disease 
Lymphoma 
Testicular carcinoma 
Fungal infection 

Gout 
Gouty arthritis 



Vinblastine, vincristine, 
vinorelbine, vindesine, 

taxol, taxotere, 
colchicine, epothilone, 
descodermolide, 
dolastatin 10, 
anhydrovinblastine, 
docetaxel,TZT-1027, 
desoxyepothilone B, 
vinflunine, cemadotin, 

dolastatin 15, 
vinorelbine, CI-980,LY- 
355703, LY-355702, 
cryptophycin, LY- 
290181, RPR-112378, 
sarcodictyins, T- 138067, 
9-dihydrotaxanes, LL- 

15,NSC-639829, 
dolaphenine, SJ-3249, 
halamide, SB-T-1101, 

SB-T-104221, 
eleutherovin, SB-T- 
1211, 1069C85, celcein, 
LS-4477, LS-4559,MPI- 
6003, halichondrin B, 
DDE-313, 3-IAABU,T- 
900607, rhizoxin, 

azatoxin, 
palmitoylrhizoxin, 
noscapine, spongistatins, 

paclitaxel analogs, 
aplyronine-A, GS-164, 
BMS-247550,BP-179, 
isohomohalichondrin B, 
T-3782, oncocidinAl, 
SPA-l,curacinA,NSC- 
692745, NSC-698666, 
chondramide D, LU- 
110946, PNU-166945, 
BMS-185660,ZYN-176 : 
ZYN-162,D-24851, 
piseofiilvin 



Bone hydroxylapatite 



Osteoporosis 
Hypercalcemia 
Paget's disease 



Alendronate, 
ibandronate, risedronate, 
zoledronate, incadronate, 
clodronate, oteadronate 
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Beta amyloid 


Alzheimer's disease 
Parkinson's disease 
Neurodegenerative 
disease 


Lignan glycosides, 
sulfonate compounds, 
LVFFA analogs, PPI- 
368, azo dye analogs, 
PTI-00703, SIB-1848, 
PPI-558, SKF-74652 


DNA 


Cancer 


Adriamycin, 
daunomycin, CI-958, 
valrubicin, idarubicin, 
epirubicin, mitoxantrone, 
zorubicin, bleomycin 
A2, plicamycin, . 
dactinomycin, NSC- 
655649, crisnatol, 

losoxantrone, 
antineoplaston A10, 
mitonafide, mtoplicme, 
annamycin, BBR-2778, 
distamycin, MEN- 
10718, FCE-28102, 
FCE-28164, FCE- 
25450A.PNU-151779, 
rJNU-loolyo, NbL- 
651016, tallimustine,, 
FCE-26644, bizelesin 


Cell membrane 


Cancer 
Microbial infections 


N-1379 


Heat shock proteins 


Cancer 


Geldanamycin 


HIV 1 p7NC protein 
(Nucleocapsid protein) 


HIV infections 


CI-1012,NCS-4493, 

NSC-2065, 
azodicarbonamide 


Grb-2 


Cancer 


Bis(indolyl)- 
dihydroxyquinones 



10 The term "inert organic solvent" or "organic solvent" means a solvent 

which is inert under the conditions of the reaction being described in conjunction 
therewith including, by way of example only, benzene, toluene, acetonitrile, 
tetrahydrofuran, dimethylformamide, chloroform, methylene chloride, diethyl 
ether, ethyl acetate, acetone, methylethyl ketone, methanol, ethanol, propanol, 

15 isopropanol, f-butanol, dioxane, pyridine, and the like. Unless specified to the 
contrary, the solvents used in the reactions described herein are inert solvents. 
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The teim "treatment" refers to any treatment of a pathologic condition in a 
mammal or avian, particularly a human, and includes: 

(i) preventing the pathologic condition from occurring in a subject 
which may be predisposed to the condition but has not yet been diagnosed with the 

5 condition and, accordingly, the treatment constitutes prophylactic treatment for the 
disease condition; 

(ii) inhibiting the pathologic condition, i.e., arresting its development; 

(iii) relieving the pathologic condition, i.e., causing regression of the 
pathologic condition; or 

10 (iv) relieving the conditions mediated by the pathologic condition, e.g., 

relieving the conditions caused by an enterotoxin expressed by a microorganism 
but not addressing the underlining microbial infection. 

The term "pathologic condition which is modulated by treatment with a 
1 5 ligand" covers all disease states (i.e., pathologic conditions) which are generally 
acknowledged in the art to be usefully treated with a ligand for a macromolecular 
structure in general, and those disease states which have been found to be usefully 
treated by a specific multibinding compound of our invention. Such disease states 
include, by way of example only, the treatment of a mammal afflicted with 
20 pathologic bacteria, fungal infections, cancer including breast cancer and prostrate 
cancer, and the like. It also covers the treatment of pathologic conditions that are 
not necessarily considered as pathologic conditions, for example the use of multi- 
binding compounds of this invention in the treatment of skin diseases, beauty aids 
and the like. 

25 

The term "therapeutically effective amount" refers to that amount of 
multibinding compound which is sufficient to effect treatment, as defined above, 
when administered to a mammal or avian in need of such treatment. The 
therapeutically effective amount will vary depending upon the subject and disease 
30 condition being treated, the weight and age of the subject, the severity of the 
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disease condition, the manner of administration and the like, which can readily be 
determined by one of ordinary skill in the art. 

The term "cell" refers to mammalian cells (e.g., mammalian cancer cells), 
5 virus particles, bacterial cells, fungal cells, and parasitic cells. 

The term "linker' 1 , identified where appropriate by the symbol X, refers to a 
group or groups that covalently links from 2 to 10 macromolecular ligands (as 
identified above) in a manner that provides for a compound capable of 

10 multivalency when in the presence of at least one macromolecular structure having 
2 or more ligand binding sites. Among other features, the linker is a ligand- 
orienting entity that permits attachment of multiple copies of a macromolecular 
ligand (which may be the same or different) thereto. In some cases, the linker may 
itself be biologically active. The term "linker" does not, however, extend to cover 

15 solid inert supports such as beads, glass particles, fibers, and the like. But it is 

understood that the multibinding compounds of this invention can be attached to a 
solid support if desired. For example, such attachment to solid supports can be 
conducted for use in separation and purification processes and similar applications. 

20 The extent to which multivalent binding is realized depends upon the 

efficiency with which the linker or linkers that joins the macromolecular ligands 
presents these ligands to the array of ligand binding sites on one or more 
macromolecular structure(s). Beyond presenting these ligands for multivalent 
interactions with ligand binding sites, the linker or linkers spatially constrains these 

25 interactions to occur within dimensions defined by the linker or linkers. Thus, the 
structural features of the linker (valency, geometry, orientation, size, flexibility, 
chemical composition, etc.) are features of multibinding agents that play an 
important role in determining their activities. 

30 The linkers used in this invention are selected to allow multivalent binding 

of macromolecular ligands to any desired ligand binding sites of a macromolecular- 
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structure, whether such sites are located interiorly, both interiorly and on the 
periphery of the macromolecular structure, or at any intermediate position thereof. 
The distance between the nearest neighboring ligand domains is preferably in the 
range of about 2 A to about 100A, more preferably in the range of about 3 A to 
5 about 40A. 

The macromolecular ligands are covalently attached to the linker or linkers 
using conventional chemical techniques providing for covalent linkage of the 
ligand to the linker or linkers. Reaction chemistries resulting in such linkages are 

10 well known in the art and involve the use of complementary functional groups on 
the linker and macromolecular ligand. Preferably, the complementary functional 
groups on the linker are selected relative to the functional groups available on the 
ligand for bonding or which can be introduced onto the ligand for bonding. Again, 
such complementary functional groups are well known in the art. For example, 

1 5 reaction between a carboxylic acid of either the linker or the ligand and a primary 
or secondary amine of the ligand or the linker in the presence of suitable, well- 
known activating agents results in formation of an amide bond covalently linking 
the ligand to the linker; reaction between an amine group of either the linker or the 
ligand and a sulfonyl halide of the ligand or the linker results in formation of a 

20 sulfonamide bond covalently linking the ligand to the linker; and reaction between 
an alcohol or phenol group of either the linker or the ligand and an alkyl or aryl 
halide of the ligand or the linker results in formation of an ether bond covalently 
linking the ligand to the linker. 

25 The linker is attached to the macromolecular ligand at a position that 

retains ligand domain-ligand binding site interaction and specifically which 
permits the ligand domain of the ligand to orient itself to bind to the ligand binding 
site. Such positions and synthetic protocols for linkage are well known in the art. 
The term linker embraces everything that is not considered to be part of the ligand. 



30 
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The relative orientation in which the macromolecular ligand domains are 
displayed derives from the particular point or points of attachment of the ligands to 
the linker, and on the framework geometry. The determination of where 
acceptable substitutions can be made on a macromolecular ligand is typically based 

5 on prior knowledge of structure-activity relationships (SAR) of the ligand and/or 
congeners and/or structural information about ligand-receptor complexes (e.g., X- 
ray crystallography, NMR, and the like). Such positions and the synthetic methods 
for covalent attachment are well known in the art. Following attachment to the 
selected linker (or attachment to a significant portion of the linker, for example 2- 

10 10 atoms of the linker), the univalent linker-ligand conjugate may be tested for 

retention of activity in the relevant assay. In a preferred embodiment, if the linker- 
ligand shows activity at a concentration of less than 10 mM, it may be considered 
to be acceptable for use in constructing a multi-binding compound. 

15 Suitable linkers are discussed below. 

At present, it is preferred that the multibinding agent is a bivalent 
compound, e.g., two ligands which are covalently linked to linker X. 

20 Methodology 

The linker, when covalently attached to multiple copies of the 
macromolecular ligands, provides a biocompatible, substantially non-immunogenic 
multibinding compound. The biological activity of the multibinding compound is 
highly sensitive to the valency, geometry, composition, size, flexibility or rigidity, 

25 etc. of the linker and, in turn, on the overall structure of the multibinding 

compound, as well as the presence or absence of anionic or cationic charge, the 
relative hydrophobicity/hydrophilicity of the linker, and the like on the linker. 
Accordingly, the linker is preferably chosen to maximize the biological activity of 
the multibinding compound. The linker may be chosen to enhance the biological 

30 activity of the molecule. In general, the linker may be chosen from any organic 
molecule construct that orients two or more macromolecular ligands to their ligand 
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binding sites to permit multivalency. In this regard, the linker can be considered as 
a "framework" on which the ligands are arranged in order to bring about the 
desired ligand-orienting result, and thus produce a multibinding compound. 

5 For example, different orientations can be achieved by including in the 

framework groups containing mono- or polycyclic groups, including aryl and/or 
heteroaryl groups, or structures incorporating one or more carbon-carbon multiple 
bonds (alkenyl, alkenylene, alkynyl or alkynylene groups). Other groups can also 
include oligomers and polymers which are branched- or straight-chain species. In 
10 preferred embodiments, rigidity is imparted by the presence of cyclic groups (e.g., 
aryl, heteroaryl, cycloalkyl, heterocyclic, etc.). In other preferred embodiments, 
the ring is a six or ten member ring. In still further preferred embodiments, the 
ring is an aromatic ring such as, for example, phenyl or naphthyl. 

1 5 Different hydrophobic/hydrophilic characteristics of the linker as well as 

the presence or absence of charged moieties can readily be controlled by the skilled 
artisan. For example, the hydrophobic nature of a linker derived from 
hexamethylene diamine (H 2 N(CH 2 ) 6 NH 2 ) or related polyamines can be modified to 
be substantially more hydrophilic by replacing the alkylene group with a 

20 poly(oxyalkylene) group such as found in the commercially available "Jeffamines". 

Different frameworks can be designed to provide preferred orientations of 
the ligands. Such frameworks may be represented by using an array of dots (as 
shown below) wherein each dot may potentially be an atom, such as C, 0, N, S, P, 
"25 H, F, CI, Br, and F or the dot may alternatively indicate the absence of an atom at 
that position. To facilitate the understanding of the framework structure, the 
framework is illustrated as a two dimensional array in the following diagram, 
although clearly the framework is a three dimensional array in practice: 
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Each dot is either an atom, chosen from carbon, hydrogen, oxygen, 
nitrogen, sulfur, phosphorus, or halogen, or the dot represents a point in space (i.e., 
an absence of an atom). As is apparent to the skilled artisan, only certain atoms on 
5 the grid have the ability to act as an attachment point for the macromolecular 
ligands, namely, C, 0, N, S and P. 

Atoms can be connected to each other via bonds (single, double or triple 
bonds with acceptable resonance and tautomeric forms), with regard to the usual 

1 0 constraints of chemical bonding. Macromolecular ligands may be attached to the 
framework via single, double or triple bonds (with chemically acceptable 
tautomeric and resonance forms). Multiple ligand groups (2 to 10) can be attached 
to the framework such that the minimal, shortest path distance between adjacent 
ligand groups does not exceed 100 atoms. Preferably, the linker connections to the 

1 5 ligand is selected such that the maximum spatial distance between two adjacent 
ligands is no more than 40A. 

An example of a linker as presented by the grid is shown below for a 
biphenyl construct. 
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Nodes (1,2), (2,0), (4,4), (5,2), (4,0), (6,2), (7,4), (9,4), (10,2), (9,0), (7,0) 
all represent carbon atoms. Node (10,0) represents a chlorine atom. All other 
nodes (or dots) are points in space (i.e., represent an absence of atoms). 



Nodes (1,2) and (9,4) are attachment points. Hydrogen atoms are affixed to 
nodes (2,4), (4,4), (4,0), (2,0), (7,4), (10,2) and (7,0). Nodes (5,2) and (6,2) are 
connected by a single bond. 



10 The carbon atoms present are connected by either a single or double bonds, 

taking into consideration the principle of resonance and/or tautomerism. 

The intersection of the framework (linker) and the macromolecular ligand 
group, and indeed, the framework (linker) itself can have many different bonding 
1 5 patterns. Examples of acceptable patterns of three contiguous atom arrangements 
are shown in the following diagram: 



ccc 


NCC 


OCC 


sec 


PCC 


CCN 


NCN 


OCN 


SCN 


PCN 


CCO 


NCO 


OCO 


SCO 


PCO 


CCS 


NCS 


OCS 


SCS 


PCS 


CCP 


NCP 


OCP 


SCP 


PCP 



25 



WO 99/64036 



PCT/US99/11806 



-51- 



p>jp 




ONC 


SNC 


PNC 


CNN 


NNN 


ONN 


SNN 


PNN 


CNO 


NNO 


QNQ 


SNO 


PNO 


CNS 


MS 


ONS 


SNS 


PNS 


CNP 


NNP 


ONP 


SNP 


PNP 


PHP 


1NVJV-/ 


QQC 


soc 


POC 


CON 


NON 


OON 


SON 


PON 


COO 


NQQ 


OOP 


SOD 


EQQ 


COS 


NQS 


OPS 


SOS 


EOS 


COP 


NQE 


OPP 


SOB 


POP 


CSC 


NSC 


OSC 


SSC 


PSC 


CSN 


NSN 


OSN 


SSN 


ESN 


CSO 


NSO 


OSO 


SSQ 


ESQ 


CSS 


NSS 


OSS 


SSS 


ESS 


CSP 


NSP 


OSP 


SSP 


ESE 


CPC 


NPC 


OPC 


SPC 


EEC 


CPN 


NPN 


OPN 


SPN 


PPN 


CPO 


NPO 


OPO 


SPO 


PPP 


CPS 


NPS 


OPS 


SPS 


EES 


GEE 


NPP 


PPP 


SEE 


PPP 



25 One skilled in the art would be able to identify bonding patterns that would 

produce multivalent compounds. Methods for producing these bonding 
arrangements are described in March, "Advanced Organic Chemistry", 4th Edition, 
Wiley-Interscience, New York, New York (1992). These arrangements are 
described in the grid of dots shown in the scheme above. All of the possible 

30 arrangements for the five most preferred atoms are shown. Each atom has a variety 
of acceptable oxidation states. The bonding arrangements underlined are less 
acceptable and are not preferred. 



35 



Examples of molecular structures in which the above bonding patterns 
could be employed as components of the linker are shown below. 
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The identification of an appropriate framework geometry and size for 
macromolecular ligand domain presentation are important steps in the construction 
of a multibinding compound with enhanced activity. Systematic spatial searching 
5 strategies can be used to aid in the identification of preferred frameworks through 
an iterative process. Figure 12 illustrates a useful strategy for determining an 
optimal framework display orientation for ligand domains. Various other 
strategies are known to those skilled in the art of molecular design and can be used 
for preparing compounds of this invention. 

10 

As shown in Figure 12, display vectors around similar central core 
structures such as a phenyl structure and a cyclohexane structure cn be varied, as 
can the spacing of the ligand domain from the core structure (i.e., the length of the 
attaching moiety). It is to be noted that core structures other than those shown here 
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can be used for determining the optimal framework display orientation of the 
macromolecular ligands. The process may require the use of multiple copies of the 
same central core structure or combinations of different types of display cores. 

The above-described process can be extended to trimers (Figure 13) and 
compounds of higher valency. 



Assays of each of the individual compounds of a collection generated as 
described above will lead to a subset of compounds with the desired enhanced 

1 0 activities (e.g., potency, selectivity, etc.). The analysis of this subset using a 
technique such as Ensemble Molecular Dynamics will provide a framework 
orientation that favors the properties desired. A wide diversity of linkers is 
commercially available (see, e.g., Available Chemical Directory (ACD)). Many of 
the linkers that are suitable for use in this invention fall into this category. Other 

15 can be readily synthesized by methods well known in the art and/or are described 
below. 

Having selected a preferred framework geometry, the physical properties of 
the linker can be optimized by varying the chemical composition thereof. The 
20 composition of the linker can be varied in numerous ways to achieve the desired 
physical properties for the multibinding compound. 

An example of this process for extending the framework from the ligand is 
presented in the attached figures for both taxol and amphotericin which examples 
25 can be readily extended to ligands for macromolecular structures using the same 
principles illustrated therein. Specifically, in the case of taxol, Figure 27 illustrates 
some of the acceptable possible locations for elaboration into the framework. 

Examples of multivalent amphotericin and taxol compounds are shown in 
30 the figures attached hereto. 
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It can therefore be seen that there is a plethora of possibilities for the 
composition of a linker. Examples of linkers include aliphatic moieties, aromatic 
moieties, steroidal moieties, peptides, and the like. Specific examples are peptides 
or polyamides, hydrocarbons, aromatic groups, ethers, lipids, cationic or anionic 
5 groups, or a combination thereof. 

Examples are given below, but it should be understood that various changes 
may be made and equivalents may be substituted without departing from the true 
spirit and scope of the invention. For example, properties of the linker can be 

10 modified by the addition or insertion of ancillary groups into or onto the linker, for 
example, to change the solubility of the multibinding compound (in water, fats, 
lipids, biological fluids, etc.), hydrophobicity, hydrophilicity, linker flexibility, 
antigenicity, stability, and the like. For example, the introduction of one or more 
polyethylene glycol) (PEG) groups onto or into the linker enhances the 

1 5 hydrophilicity and water solubility of the multibinding compound, increases both 
molecular weight and molecular size and, depending on the nature of the 
unPEGylated linker, may increase the in vivo retention time. Further PEG may 
decrease antigenicity and potentially enhances the overall rigidity of the linker. 

20 Ancillary groups which enhance the water solubility/hydrophilicity of the 

linker and, accordingly, the resulting multibinding compounds are useful in 
practicing this invention. Thus, it is within the scope of the present invention to 
use ancillary groups such as, for example, small repeating units of ethylene 
glycols, alcohols, polyols (e.g., glycerin, glycerol propoxylate, saccharides, 

25 including mono-, oligosaccharides, etc.), carboxylates (e.g., small repeating units 
of glutamic acid, acrylic acid, etc.), amines (e.g., tetraethylenepentamine), and the 
like) to enhance the water solubility and/or hydrophilicity of the multibinding 
compounds of this invention. In preferred embodiments, the ancillary group used 
to improve water solubility/hydrophilicity will be a polyether. 



30 
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The incorporation of lipophilic ancillary groups within the structure ofthe 
linker to enhance the lipophilicity andVor hydrophobicity ofthe multibinding 
compounds described herein is also within the scope of this invention. Lipophilic 
groups useful with the linkers of this invention include, by way of example only, 
aryl and heteroaryl groups which, as above, may be either unsubstituted or 
substituted with other groups, but are at least substituted with a group which allows 
their covalent attachment to the linker. Other lipophilic groups useful with the 
linkers of this invention include fatty acid derivatives which do not form bilayers 
in aqueous medium until higher concentrations are reached. 



10 



Also within the scope of this invention is the use of ancillary groups which 
result in the multibinding compound being incorporated into a vesicle or other 
membranous structure such as a liposome or a micelle. The term "lipid" refers to 
any fatty acid derivative that is capable of forming a bilayer or a micelle such that a 
15 hydrophobic portion ofthe lipid material orients toward the bilayer while a 

hydrophilic portion orients toward the aqueous phase. Hydrophilic characteristics 
derive from the presence of phosphate, carboxylic, sulfate, amino, sulfhydryl, nitre 
and other like groups well known in the art. Hydrophobicity could be conferred by 
the inclusion of groups that include, but are not limited to, long chain saturated and 
20 unsaturated aliphatic hydrocarbon groups of up to 20 carbon atoms and such 

groups substituted by one or more aryl, heteroaryl, cycloalkyl, and/or heterocyclic 
group(s). Preferred lipids are phosphglycerides and sphingolipids, representative 
examples of which include phosphatidylcholine, phosphatidylethanolamine, 
phosphatidylserine, phosphatidylinositol, phosphatidic acid, palmitoyleoyl 
25 phosphatidylcholine, ^phosphatidylcholine, lysophosphatidyl-ethanolamine, 
dipalmitoylphosphatidylcholine,dioleoylphosphatidylcholine,distearoyl- 
phosphatidylcholine or dilinoleoylphosphatidylcholine could be used. Other 
compounds lacking phosphorus, such as sphingolipid and glycosphingolipid 
families are also within the group designated as lipid. Additionally, the 
30 amphipathic lipids described above may be mixed with other lipids including 
triglycerides and sterols. 



WO 99/64036 



PCT/US99/11806 



-56- 



The flexibility of the linker can be manipulated by the inclusion of ancillary 
groups which are bulky and/or rigid. The presence of bulky or rigid groups can 
hinder free rotation about bonds in the linker or bonds between the linker and the 
ancillary group(s) or bonds between the linker and the functional groups. Rigid 
groups can include, for example, those groups whose conformational lability is 
restrained by the presence of rings and/or multiple bonds within the group, for 
example, aryl, heteroaryl, cycloalkyl, cycloalkenyl, and heterocyclic groups. Other 
groups which can impart rigidity include polypeptide groups such as oligo- or 
polyproline chains. 



10 



Rigidity can also be imparted electrostatically. Thus, if the ancillary groups 
are either positively or negatively charged, the similarly charged ancillary groups 
will force the presenter linker into a configuration affording the maximum distance 
between each of the like charges. The energetic cost of bringing the like-charged 
1 5 groups closer to each other will tend to hold the linker in a configuration that 
maintains the separation between the like-charged ancillary groups. Further 
ancillary groups bearing opposite charges will tend to be attracted to their 
oppositely charged counterparts and potentially may enter into both inter- and 
intramolecular ionic bonds. This non-covalent mechanism will tend to hold the 
20 linker into a conformation which allows bonding between the oppositely charged 
groups. The addition of ancillary groups which are charged, or alternatively, bear a 
latent charge when deprotected, following addition to the linker, include 
depreciation of a carboxyl, hydroxyl, thiol or amino group by a change in pH, 
oxidation, reduction or other mechanisms known to those skilled in the art which 
25 result in removal of the protecting group, is within the scope of this invention. 

Rigidity may also be imparted by internal hydrogen bonding or by 
hydrophobic collapse. 

30 Bulky groups can include, for example, large atoms, ions (e.g., iodine, 

sulfur, metal ions, etc.) or groups containing large atoms, polycyclic groups, - • 
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including aromatic groups, non-aromatic groups and structures incorporating one 
or more carbon-carbon multiple bonds (i.e., alkenes and alkynes). Bulky groups 
can also include oligomers and polymers which are branched- or straight-chain 
species. Species that are branched are expected to increase the rigidity of the 
5 structure more per unit molecular weight gain than are straight-chain species. 

In preferred embodiments, rigidity is imparted by the presence of cyclic 
groups (e.g., aryl, heteroaryl, cycloalkyl, heterocyclic, etc.). In other preferred 
embodiments, the linker comprises one or more six-membered rings. In still 
10 further preferred embodiments, the ring is an aryl group such as, for example, 
phenyl or naphthyl. 

In view of the above, it is apparent that the appropriate selection of a linker 
group providing suitable orientation, restricted/unrestricted rotation, the desired 
15 degree of hydrophobicity/hydrophilicity, etc. is well within the skill of the art. 
Eliminating or reducing antigenicity of the multibinding compounds described 
herein is also within the scope of this invention. In certain cases, the antigenicity 
of a multibinding compound may be eliminated or reduced by use of groups such 
as, for example, polyethylene glycol). 

20 

As explained above, the multibinding compounds described herein 
comprise 2-10 macromolecular ligands attached to a linker that links the ligands in 
such a manner that they are presented to the macromolecular structure for 
multivalent interactions with ligand binding sites thereon/therein. The linker 
25 spatially constrains these interactions to occur within dimesions defined by the 
linker. This and other factors increases the biological activity of the multibinding 
compound as compared to the same number of ligands made available in 
monobinding form. 

30 The compounds of this invention are preferably represented by the 

empirical formula (L) p (X) q where L, X,p and q are as defined above. This is - • 
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intended to include the several ways in which the ligands can be linked together in 
order to achieve the objective of multivalency, and a more detailed explanation is 
described below. 

5 As noted previously, the linker may be considered as a framework to which 

ligands are attached. Thus, it should be recognized that the ligands can be attached 
at any suitable position on this framework, for example, at the termini of a linear 
chain or at any intermediate position. 

1 0 The simplest and most preferred multibinding compound is a bivalent 

compound which can be represented as L-X-L, where each L is independently a 
ligand which may be the same or different and each X is independently the linker. 
Examples of such bivalent compounds are provided in FIG. 12 where each shaded 
circle represents a ligand. A trivalent compound could also be represented in a 

15 linear fashion, i.e., as a sequence of repeated units L-X-L-X-L, in which L is a 

ligand and is the same or different at each occurrence, as can X. However, a trimer 
can also be a radial multibinding compound comprising three ligands attached to a 
central core, and thus represented as (L) 3 X, where the linker X could include, for 
example, an aryl or cycloalkyl group. Illustrations of trivalent and tetravalent 

20 compounds of this invention are found in FIG.s 13 and 14 respectively where, 
again, the shaded circles represent ligands. Tetravalent compounds can be 
represented in a linear array, e.g., 



25 



L-X-L-X-L-X-L 

in a branched array, e.g., 



30 



L-X-L-X-L 
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L 
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(a branched construct analogous to the isomers of butane - n-butyl, wo-butyl, sec- 
butyl, and /-butyl) or in a tetrahedral array, e.g., 

V 
/ \ 

where X and L are as defined herein. Alternatively, it could be.represented as an 
alkyl, aryl or cycloalkyl derivative as above with four (4) ligands attached to the 
5 core linker. 

The same considerations apply to higher multibinding compounds of this 
invention containing 5-10 macromolecular ligands as illustrated in FIG. 5 where, 
as before, the shaded circles represent ligands. However, for multibinding agents 
1 0 attached to a central linker such as aryl or cycloalkyl, there is a self-evident 
constraint that there must be sufficient attachment sites on the linker to 
accommodate the number of ligands present; for example, a benzene ring could not 
directly accommodate more than 6 ligands, whereas a multi-ring linker (e.g., 
biphenyl) could accommodate a larger number of ligands. 

15 

Certain of the above described compounds may alternatively be represented 
as cyclic chains of the form: 

X X 

W 

and variants thereof. 

20 

All of the above variations are intended to be within the scope of the 
invention defined by the formula (L) p (X) q . • 
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With the foregoing in mind, a preferred linker may be represented by the 
following formula: 



in which: 

m is an integer of from 0 to 20; 

X' at each separate occurrence is selected from the group consisting of 
-0-, -S-, -NR-, -C(O)-, -C(0)O, -C(0)NR-, -C(S), -C(S)0-, -C(S)NR- or a 
1 0 co valent bond where R is as defined below; 

Z is at each separate occurrence is selected from the group consisting of 
alkylene, substituted alkylene, cycloalkylene, substituted cylcoalkylene, 
alkenylene, substituted alkenylene, alkynylene, substituted alkynylene, 
cycloalkenylene, substituted cycloalkenylene, arylene, heteroarylene, 
1 5 heterocyclene, or a co valent bond; 

Y' and Y" at each separate occurrence are selected from the group 

consisting of: 



-X'-Z-(Y'-Z) m -Y"-Z-X'- 



5 



0 



0 



0 




OR 1 
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-S-S- or a covalent bond; 
in which: 

nisO, 1 or 2; and 

R, R' and R" at each separate occurrence are selected from the group 
5 consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, 
alkenyl, substituted alkenyl, cycloalkenyl, substituted cycloalkenyl, alkynyl, 
substituted alkynyl, aryl, heteroaryl and heterocyclic. 

Additionally, the linker moiety can be optionally substituted at any atom 
10 therein by one or more alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, 
alkenyl, substituted alkenyl, cycloalkenyl, substituted cycloalkenyl, alkynyl, 
substituted alkynyl, aryl, heteroaryl and heterocyclic group. 

In view of the above, it is understood that the term "linker" when used in 
1 5 combination with the term "multibinding compound" includes both a covalently 
contiguous single linker (e.g., L-X-L) and multiple covalently non-contiguous 
linkers (L-X-L-X-L) within the multibinding compound. In addition, when the 
linker contains a chiral center, the linker may be a racemic mixture or a 
stereochemically pure compound. 



20 



25 



preparation o f Mnltihindinp Compounds 

Accordingly, multibinding compounds of this invention may be prepared as 

shown as below. 

As indicated above, the simplest (and preferred) multibinding compound is 
a bivalent compound, which can be represented L-X-L, where each L is 
independently a ligand which may be the same or different at each occurrence, and 
each X is independently the linker. 

30 An example of the preparation of a bivalent macromolecular structure 

ligand is given below as an illustration of the manner in which multibinding agents 
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of this invention are obtained. This example is applicable to any macromolecular 
ligand that includes amino and/or carboxyl groups, for example, amphotericin, 
polymyxin, and similar ligands known to bind macromolecular structures. 
Examples of different linkers X are shown. In the reaction schemes that follow, for 
ease of understanding of the principles involved, the structure of ligand is 
represented as a "box". Thus, the ligand is illustrated such that carboxyl [C], 
amino [V], and methylamino [N] groups are shown as examples of connecting 
points for the linker. However, as before, the ligand employed is one which binds 
to macromolecular structures. 

MeHN^ /C0 2 H 



25 



[N] 



[CI 



NH, 



Two macromolecular ligands are connected by the linker X via carboxyl 
group or amino group of a first ligand to any carboxyl group or amino group of a 
second ligand. 

Another simplification in the description of the preparations is that, for 
1 5 example, compound (1) is illustrated as a compound of formula H 2 N-(CH 2 ) m - 
NCH0 2 -t-butyl, in which m is an integer of 1-20. However, it should be 
understood that (CH 2 ) m is not intended to signify or imply that the scope of this 
reaction (or of the invention) is limited to straight (i.e. unbranched) alkylene 
chains, but rather (CH 2 ) m is intended to include branched alkylenes as defined in 
20 above, substituted alkylenes, and the like, also as disclosed above. Similarly, the 
compound of formula (2) is illustrated as C1C(0)-(CH 2 VC(0)C1, and (CH,), 
equally is not limited to straight alkylene chains, but includes all those 
modifications shown above. 



Accordingly, bivalent compounds of Formula 1 where the linkage is from a 
[C] group of a first ligand to a [C] group of a second ligand, i.e. a [C-C] linkage, . 
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may be prepared from intermediates of formula (4), the preparation of which is 
shown below in Reaction Scheme 1 . 

REACTION SCHEME 1 

5 

H 2 N-(CH 2 ) m -NHC0 2 -t-butyl + ClC(0)-(CH 2 ) n -C(0)Cl 
(1) (2) 
1 

t-butyl-OC(0)-l^-TO 
10 (3) 

! 

H 2 N-(CH 2 ) m -NH-C(0)-(CH 2 ) n -C(0)-NH-(CH 2 ) m -NH 2 (4) 



15 



in which m and n are independently, at each occurrence, integers of 1-20. 



Preparation of Compounds of Formula (3) 

As illustrated in Reaction Scheme 1, step 1, about two molar equivalents of 
an omega-amino carbamic acid ester [compound (1)] is reacted with about one 
molar equivalent of a dicarboxylic acid halide, preferably chloride, of formula (2). 

20 The reaction is preferably conducted in the presence of a non-nucleophilic base 
(e.g., a hindered base), preferably diisopropylethylamine, in order to scavenge the 
acid generated during reaction. The reaction is preferably conducted in an inert 
solvent, preferably methylene chloride, at a temperature of about 0-5 °C. The 
mixture is then allowed to warm to room temperature. When the reaction is 

25 substantially complete, the compound of formula (3) is isolated and purified by 
conventional means. 

Prfipfl fflt^" Of Com pounds of Formula (4) 

As illustrated in Reaction Scheme 1 , step 2, f-Boc protecting groups of 
30 carbamate (3) are removed under acidic conditions. In general, a preferred acid is 
trifluoroacetic acid, and the reaction is conducted in an inert solvent, preferably 



i 
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methylene chloride, at about room temperature. When the reaction is substantially 
complete, the compound of formula (4) is isolated and purified by conventional 
means. 

5 The compound of formula (4) is then converted into a [C-C] ligand dimer 

as shown in Reaction Scheme 2 illustrated in Figure 1. 

E?A r TIO N SPHF.MF. 2 
Preparation of Compounds of Formula I 
1 0 In Reaction Scheme 2, the ligand for the macromolecular structure is 

depicted as a box having primary amino, a secondary amino and carboxyl 
functionality. 

In general, about two molar equivalents of ligand is reacted with about one 
1 5 molar equivalent of the compound of formula (4), under conventional amide 

coupling conditions. Preferably, a hindered base is employed to scavenge the acid 
generated, preferably diisopropylethylamine, in the presence of coupling reagents 
such as benzotriazol-l-yloxytripyrrolidinophosphonium hexafluorophosphate 
(PyBOP) and 1-hydroybenzotriazole. The reaction is conducted in an inert polar 
20 solvent, for example, N, N-dimethylformamide (DMF) or dimethyl sulfoxide 
(DMSO), or preferably a mixture of both, at about room temperature. When the 
reaction is substantially complete, the compound of Formula I is isolated and 
purified by conventional means, preferably purified by reverse phase HPLC. Also 
isolated is a byproduct of formula (5). 



25 



Alternatively, compounds of Formula I [C-C] may be prepared from 
intermediates of formula (8), the preparation of which is shown below in Reaction 
Scheme 3 illustrated in Figure 2. 



30 
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REACIIQN SCHEME 3 

Preparation o f Compounds of Formula (7) 

As illustrated in Reaction Scheme 3, step 1, ligand is reacted with about 1.1 
molar equivalents of a carbamic ester terminated by an alkylamino group 

5 [compound (6)]. The ester moiety is chosen for ease of removal under mild 
conditions in subsequent reactions, and is preferably 9-fluorenylmethyl (FM). 
Conventional amide coupling conditions are employed, preferably using PyBOP 
and 1-hydroxybenzotriazole. In general, the reaction is conducted in the presence 
of a hindered base, preferably diisopropylethylamine, to scavenge the acid 

1 0 generated and the reaction is conducted in an inert polar solvent, preferably DMF 
or DMSO, preferably a mixture of both, at about room temperature. When the 
reaction is substantially complete, the compound of formula (7) is isolated and 
purified by conventional means. 

15 Preparation of Compounds of Formula (8) 

As illustrated in Reaction Scheme 3, step 2, the compound of formula (7) is 
reacted with a mild base to remove the protecting ester groups, which also affords 
decarboxylation. In general, the base is preferably piperidine, and the reaction is 
conducted in an inert polar solvent, preferably dimethylformamide, at about room 

20 temperature for about 10 minutes to one hour. When the reaction is substantially 
complete, the compound of formula (8) is isolated and purified by conventional 
means, preferably using reverse phase HPLC. 

The compound of formula (8) is then converted into a [C-C] ligand dimer 
25 as shown in Reaction Scheme 4 found in Figure 3. 

RFACTTON SCHEME 4 
Preparation of Co mpP"™^ of Formula I 

As illustrated in Reaction Scheme 4, the compound of formula (8) is 
30 reacted with a dicarboxylic acid. In general, about 3 molar equivalents of the 
compound of formula (8) is reacted with about 1 molar equivalent of the 
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dicarboxylic acid of formula H0 2 C-(CH 2 )„-C0 2 H, under conventional amide 
coupling conditions. Preferably, a hindered base is employed, preferably 
diisopropylethylamine, in the presence of PyBOP and 1-hydroxybenzotriazole. 
The reaction is conducted in an inert polar solvent, preferably DMF, at about room 
temperature for about 1-3 hours. When the reaction is substantially complete, the 
compound of Formula I is isolated and purified by conventional means, preferably 
purified by a reverse phase of HPLC. 



Compounds of Formula I wherein the linkage is [V-V] may be prepared 
10 from intermediates of formula (14), the preparation of which is shown below in 
Reaction Scheme 6 found in Figure 5. The starting material, the compound of 
formula (1 1), is prepared as shown in Reaction Scheme 5 found in Figure 4. 

REAClIQtLSCHEMEi 

15 p reparation o f r>™pminris nf Formula ( 1Q) 

As illustrated in Reaction Scheme 5, step 1, ligand having an -NH 2 group 
suitable for linking is reacted with aprotected ester-aldehyde of formula (9) to 
form a Schiff s base. The ester moiety is chosen for ease of removal under mild 
conditions in subsequent reactions, and is preferably 9-fluorenylmethyl. In 

20 general, the reaction is conducted in an inert polar solvent, preferably 3-dimethyl- 
3,4,5,6-tetrahydro-2(lH)-pyrimidinone plus methanol, at about 25° to about 
100° C, until the reaction is complete. The Schiff s base of formula (10) is not 
isolated, but reacted further immediately as shown below. 



25 p reparation o f m ™ p™™ds nf Formula (11) 

As illustrated in Reaction Scheme 5, step 2, the solution of the compound 
of formula (10) is further reacted with a mild reducing agent (not shown). In 
general, the reducing agent is preferably sodium cyanoborohydride, and the 
reaction is conducted at about 25° to about 100'C, preferably about 70°C, for 

30 about 1-3 hours, preferably about 2 hours. When the reaction is substantially 
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complete, the compound of formula (1 1) is isolated and purified by conventional 
means, preferably purified by reverse phase HPLC. 

Compounds of Formula I wherein the linkage is [V-V] may then be 
5 prepared from intermediates of formula (1 1 a), the preparation of which is shown 
below in Reaction Scheme 6 found in Figure 5. 

EEAClKttiSCHEMEi 

P reparation o f Compounds of Formula (14) 

10 As illustrated in Reaction Scheme 6, step 1 , the compound of formula 

(11a), which is a compound of formula (1 1) in which the carboxyl group has been 
protected conventionally, for example as an ester (indicated by R), is reacted with a 
mild base to remove the carbamate. In general, the base is preferably piperidine, 
and the reaction is conducted in an inert polar solvent, preferably DMF, at about 

15 room temperature for about 10 minutes to one hour, preferably about 30 minutes. 
When the reaction is substantially complete, the compound of formula (14) is 
isolated and purified by conventional means, preferably using reverse phase HPLC. 

Pr e paration of Co mpound of Fnrmnal I 
20 As illustrated in Reaction Scheme 6, step 2, the compound of formula (14) 

is reacted with a dicarboxylic acid. In general, about 3 molar equivalents of the 
compound of formula (8) is reacted with about 1 molar equivalent of the 
dicarboxylic acid of formula H0 2 C-(CH 2 )„-C0 2 H, under conventional amide 
coupling conditions. Preferably, a hindered base is employed, preferably 

25 diisopropylethylamine, in the presence of PyBOP and 1-hydroxybenzotriazole. 
The reaction is conducted in an inert polar solvent, preferably DMF, at about room 
temperature for about 1-3 hours. When the reaction is substantially complete, the 
protecting group R, preferably and ester, is removed conventionally, and the [V-V] 
compound of Formula I is isolated and purified by conventional means, preferably 

30 purified by reverse phase HPLC. 
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Compounds of Formula I wherein the linkage is [C-V] may be prepared 
from intermediates of formula (23), the preparation of which is shown below in 
Reaction Scheme 7 found in Figure 6. The starting material, the compound of 
formula (8), is prepared as previously shown. 

5 

REACIIQ&SCHEMEJ 
Preparation q f Compounds of Formula (22) 

As illustrated in Reaction Scheme 7, step 1 , the compound of formula (8) is 
reacted with an acid in the same manner as shown above to form an amide of 
10 formula (22). 

Prq watirm of Co mpounds o f Formula ( 2 3) 

As illustrated in Reaction Scheme 7, step 2, the compound of formula (22) 
is hydrolyzed in the same manner as shown above to form a compound of formula 
15 (23). 

The compound of formula (23) is then converted into a [C-V] dimer of 
Formula I by reaction with a compound of formula (17) as shown in Reaction 
Scheme 8 found in Figure 7. 

20 

RFiACT Tr>N SCHEME 8 

preparation o f Compounds of Formula I 

As illustrated in Reaction Scheme 8, the compound of formula (23) is 
reacted with a compound of formula (17) in a conventional coupling reaction, as 
25 shown above, to give a compound of Formula I [C-V]. 

Compounds of Formula I wherein linkage is [C-N] may be prepared from 
intermediates of formula (26), the preparation of which is shown below in Reaction 
Scheme 9 found in Figure 8. 

30 
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Pl FACTION SCHEME 9 
Preparation p f Propounds nf Formula (24) 

As illustrated in Reaction Scheme 9, step 1, ligand is reacted with a 
protected aminoaldehyde in the presence of an amount of base sufficient to direct 
the reaction of the aldehyde to the [N] position. The Schiffs base thus formed is 
reduced in the same manner as shown in Reaction Scheme 5 to form a compound 
of formula (24). 

Pr oration of PrMnpnunds of Formula (25.) 

As illustrated in Reaction Scheme 9, step 2, the compound of formula (24) 
reacted with an amine in a coupling reaction in the same manner as shown 
above, for example in Reaction Scheme 10, to form an amide of formula (25). 



25 



is 



P rp para ti™ 1 ofXomp aunds oIEonrmla (26) 

As illustrated in Reaction Scheme 9, step 3, the protecting group FM is 
removed conventionally from the compound of formula (25) with a mild base to 
form a compound of formula (26). 

The compound of formula (26) is then converted into a [C-N] dimer of 
20 Formula I by reaction with a compound of formula (23), prepared as shown 
previously, as shown in Reaction Scheme 10 found in Figure 9. 

REACIIQELS£HEME-lfl 

preparation n f Compounds of FoimulaJ 

As illustrated in Reaction Scheme 10, the compound of formula (26) is 
reacted with a compound of formula (23) in a typical coupling reaction as shown 
above, for example in Reaction Scheme 11, to give a compound of Formula I 
[C-N]. 
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Coinpounds of Formula I wherein the linkage is [N-V] may be prepared by 
a reaction of a compound of formula (26) with a compound of formula (19), as 
shown in Reaction Scheme 1 1 found in Figure 10. 

Preparation oflCompounds of Formula 1 

As illustrated in Reaction Scheme 1 1 , the compound of formula (26) is 
reacted with a compound of formula (19) in a conventional coupling reaction as 
shown above, to give a compound of Formula I [N-V]. 

Compounds of Formula I wherein the linkage is [N-N] may be prepared by 
reaction of a compound formula (26) with a dicarboxylic acid of formula 
H 0 2 C-(CH 2 ) n -C0 2 H, as shown in Reaction Scheme 12 found in Figure 1 1 . 

EEAC3IQNJSCHEME-12 

Prepa r^t™ p iX oranflUPds of Formula I 

As illustrated in Reaction Scheme 12, the compound of formula (26) is 
reacted with a dicarboxylic acid of formula WfiW^Ofi * *e same 
manner as shown above in Reaction Scheme 4, to give a compound of Formula I 

20 [N-N]. 

It should be noted that ligands having terminal amino groups may also be 
linked by reaction with aldehyde linkers (to form a Schiff s base, that can be used 
as a linker itself or preferably reduced with, e.g., sodium cyanoborohydride, to an 
25 amine linker). Alternatively, reaction with a disulfonyl halide would give a 
sulfonamide linker. Another alternative synthesis encompasses reaction of an 
amine with a diiminoester which would afford an amidine linker. 

Ligands that include a free hydroxy group in their structure (an alcohol or 
30 phenolic hydroxy) may be connected using those hydroxy groups as linkage points 
by means well known in the art. For example, one synthetic strategy that could be 



15 



WO 99/64036 



PCT/US99/11806 



10 



15 



20 



25 



30 



-71- 

used for linking ligands with free hydroxy groups involves treating the ligand with 
t-butyl bromoacetate in the presence of a base (e.g. potassium carbonate) to convert 
the -OH group to an -0-CH 2 C0 2 -t-But group, which can be deprotected/converted 
to an -0-CH 2 CO,H group using trifluoracetic acid. The oxyacetic group can then 
be used as the linking point for two ligands by making use of the linking strategies 
shown above for carboxylic acids. For example, reaction of two molar equivalents 
of the ligand with a diamine of the formula H 2 N-(CH 2 )„-NH 2 , where n is an integer 
of 1-20, leads to two ligands being connectedby a linker of the formula 
-CH 2 CONH-(CH 2 )„-NHCOCH 2 -. 

Alternatively, treating the hydroxy-bearing ligand with BOC- 
NHCH 2 CH 2 Br in the presence of a base (e.g. potassium carbonate) converts the 
-OH group to an 0-CH 2 CH 2 NHBOC group, which can be deprotected to an 
-0-CH 2 CH 2 NH 2 group using trifluoracetic acid. The oxyethylamino group can 
then be used as the linking point for two ligands by making use of the linking 
strategies shown above for amines. For example, reaction of two molar 
equivalents of the ligand with a dicarboxylic acid of the formula H0 2 C-(CH 2 ) n - 
C0 2 H where n is an integer of 1-20, leads to two ligands being connected by a 
linker of the formula -CH 2 CH 2 NHC0-(CH 2 ) n -C0NHCH 2 CH 2 -. 

Alternatively, converting the hydroxy-group to a leaving group, for 
example, by treatment with mesyl chloride or tosyl chloride, or converting the 
hydroxy group to a halide by means well known in the art, the ligand can then be 
linked directly by reaction with a diamine. 

The Mannich reaction can be used to link ligands that have an "active" 
hydrogen in their molecular structure. Examples of such active hydrogens are 
hydrogens that are adjacent to an electron withdrawing group such as a ketone, 
aldehyde, acid or ester, nitrile, nitro group and the like. The Mannich reaction is 
well known to those skilled in the art, and many reviews in the chemical literature 
and text books on the Mannich reaction are available. Of particular value is that a 
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linker can be constructed on a ligand having an aromatic moiety, providing there is 
an active hydrogen. 

In each of the reaction schemes set forth above, the use of conventional 
5 blocking groups can be used to further direct the reaction to the desired position. 
' For example, compound 8 can be orthogonally protected at the two amines with 
differentially removable protecting groups, e.g., protecting groups which are 
removed under conditions such that removal of one group will not remove the 
other group. In such cases, the differentially removable groups can result in 
10 selective removal of one of the protecting groups thereby permitting subsequent 
conversion at that position without concern of competing reactions at the other still 
protected amino group. 

In view of the above, the chemistry for attaching ligands to linkers is well 
1 5 established in the art and is well within the skill of the art. 

The following examples are employed to specifically illustrate the 
attachment of several ligands to linkers as per this invention and the specific 
ligands employed are employed only for illustrative purposes and should not be 
20 construed as a limitation for this application. 



pirnmavinig Inhibitors 

The family of picomaviruses include a number of important human and 
animal pathogens such as poliovirus, rhinoviruses (the main causative agent for the 

25 common cold), hepatitis A, the echo viruses which cause viral menengitis, and 
. foot-and-mouth disease. 1 The members of this family share a common icosahedral 
structure but have been separated into five sub-classes based on organization of 
their respective genomes: enteroviruses, rhinoviruses, hepatoviruses, aphtoviruses, 
and cardioviruses. A typical viron particle contains 60 copies of four structural 

30 proteins VP1, VP2, VP3 and VP4, plus a copy of genomic RNA (approximately 
7.5-8.5 kBP) and a genome bound viral protein VPg. These viral protein building • 
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blocks VP 1-3, although varying in sequence, all share a similar tertiary structure 
comprised of two 4-stranded beta-sheets. Each building block resembles a 
trapeziodal solid. The virons pack in a spherical shape with icosahedral symmetry, 
each face of the icosahedron presenting a surface formed by the VP1, VP2, and 
5 VP3 building blocks. The amino termini of these three units intertwine to form a 
link in the interior of the viron; 5 of the VP3 amino terminii further form a 
5-stranded, helical beta-cylinder in the interior to which myristoylated VP4 is 
associated. On the surface of each face of the capsid protein (with the exception of 
aphtopviruses) there is a depression or "canyon", approximately 25A deep. This 
10 canyon region is associated with host cell surface receptor binding function 

(ICAM- 1 or other glycopeptide - IgG-like - receptors). Located below the floor of 
this canyon, within the VP1 beta-barrel, is a pore leading into a hydrophobic 
pocket. This pocket site has been identified by X-ray analysis of drug-virus 
complexes as the binding site for many small molecule inhibitors of the 
15 picomavirus infection process. 2 Very large numbers ofdrug molecules can bind to 
a viron particle as evidenced by X-ray or other data. Stoichiometrics of >40:1 drug 
to viron are not uncommon consistent with the multiple symmetry related to the 
hydrophobic pockets.. 

20 Structural analysis of the drug-virus interaction indicates the drugs may 

disrupt the process of viral infection by rigidification of the protein. This would 
either prevent receptor binding, viral (protein) uncoating and release of the viral 
genome, membrane fusion, or a combination of these events. 3 It is reasonable to 
assume that the mode of action of these drugs may result from a combination of 

25 these events depending on the affinity ofdrug binding and the relative depth and 
orientation of the drug within this binding pocket. 

No drug that is known to directly inhibit uncapping of the capsid proteins 
has been approved for antiviral therapy. The slow development of compounds in 
30 this area is at least in part linked to the lack ofdrug potency. Thus greater affinity 
of compounds for the viron hydrophobic pocket will demonstrate more potent " 
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antiviral activity both in vitro and in vivo. The extensive metabolism, poor 
bioavailability at relevant tissue sites, and short half life of the compounds 
explored also appear to have limited the efficacy of compounds clinically 
investigated. The successful development of VP 63843 (pleconaril) to its current 
5 Phase III status was driven primary by circumventing the metabolism issues 
associated with earlier candidates 4 . Thus, pleconaril is a good starting point for 
designing a more potent drug. 

Drug resistant piconavirus strains are known. These strains have reduced 
1 0 affinity for monomeric ligands in the pore. For example, genetic analysis of 
rhinovirus strains indicate that a significant mutation Val-Leu/Ile in the pore is 
likely responsible for a reduction in drug in vitro resistance. 

DrugXLigand^DifiOirss 
1 5 Some of the drugs that have been evaluated clinically are compounds A, B 

(pleconaril), C and D (pirodavirl) 4 . Compound A demonstrated aprophylactic 
effect in clinical trials (p.o. administration) with patients challenged with 
coxsackievirus A21 . However, the compound did not demonstrate a therapeutic 
effect when administered orally to patients infected with HRV (human rhinovirus)- 
20 1 6, 39, and 50. Subsequently, the later generation compound B evolved which is 
metabolically much more stable. This compound is now in phase lib, after 
successful completion of Phase II for viral meningitis and 'summer flu' (enteroviral 
respiratory syndrome). Compounds C and D also received clinical exploration. 
Clinical efficacy in the treatment of the common cold was first demonstrated by 
25 pirodavir (compound D) and compound C worked prophylactically but not when 
used therapeutically against HRV-9. Thus it appears that if PK/metabolism issues 
are addressed in the preclinical development of the antiviral agent and broad 
antiviral activity is demonstrated in vitro, it is reasonable to expect the agent to 
demonstrate clinical efficacy. 

30 
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Multimeric drug complexes can be obtained by exploiting the relative C2, 
C3, or C5-symmetry of the isocosahedral picomavirons. The canyons on the 
surfaces of adjacent VP1-VP2-VP3 protomers are replicated such that dimeric, 
trimeric, or pentameric derivatives of plecomaril will form stabilized multimeric 

5 interactions with the viron to completely abrogate binding to cellular receptors. 
This mode of binding would not only ensure the stabilization of the capsid protein, 
eliminating its ability to uncoat, but, upstream of this event, sterically block the 
canyon floor and walls. This would prevent host cell receptors from accessing 
these critical binding regions of the viron. The preferred mode of binding would 

10 be to capture 2-5 canyon pores using a shorter rather than longer, linker between 
drug monomers. The distance between adjacent pores is expected to be less than 
100A and more likely 15 to 50A. (The diameter of apicomavirus is approx 250A). 
Accordingly, the construction of three or five-centered star shaped linkers can be 
made such that at each teiminus a drug monomer resides with the appropriate or 

15 optimal orientation for binding. 

There are over 100 serotypes of RHV alone and representative compounds 
in the past have demonstrated over a 100 fold variation in minimum inhibitory 
activity (MIC) depending upon the subtype used. An added advantage that a 
20 multibinding antiviral compound provides is an increase in potency that leads to 
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broader coverage of picornavirus subtype activity and a reduced susceptability to 
resistance. Although a monomer ligand may lose some affinity for a virion due to 
a mutation in the ligand binding site, a multibinding compound constructed with 
multiple members of the same ligand regains the affinity for the viron, thus 
5 circumventing the resistance. Additionally, heteromeric constructs with variant 
monomers could address both non-resistant and resistant strains by maintaining 
high affinity to all strains via monomer subtype selectivity. 

X-ray crystal structure and computational analysis of pleconaril derivatives 
1 0 bound to rhinoviruses indicate that isosteres of the methyl isoxadiazole ring are 
situated deep into the hydrophobic pore on the floor of the virion cavity. 5 This 
places the methylisoxazole ring near the pore opening. The exposed protein 
surface of the capsid pore opening is more hydrophilic relative to the internal 
pocket. Consistent with this observation is that a number of structural 
1 5 modifications where R is equal to methylene alcohols, methylene ethers, 

sulfoxides, sulfones, as well as polyethyleneglycol units (n=l-3) are well tolerated 
in the pleconaril derivative E shown below: 




E 

20 where n is from 1 to 3, 

Thus, the R-group shown in compound E is clearly a suitable attachment 
point for a linker. Other examples of suitable compounds are those which can be 
covalently attached to derivatives of compound F through a linker, in a manner 
25 previously described, with a heterocyclic ring such as, but not limited to, an 
isoxazole ring, in a manner other than via the R group. 
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Multibinding antiviral compounds show an increase in potency as 
previously described and initially are assayed for antiviral activity as follows: 

5 HeLa cells are plated in monolayers in 96 well plates and infected with a 

dilution of virus such that a 80-100% cytopathic effect is observed in 3 days. 
Compounds are serially diluted into wells and the cells are incubated for 3 days. 
Gluteraldehyde and crystal violet are added to the wells, the wells rinsed, dried and 
the amount of stain remaining in the wells is measured as an indication of the 

10 amount of intact cells. Data is reported as the amount of compound required to 
maintain 50% (MIC 50 ) or 80% (MIC 50 ) of the cells protected from virus-induced 
cytopathic effect (CPE). A panel of the available serotypes for rhinovirus, 
enterovirus, and hepatovirus is used, however, and initial evaluation of activity 
against HRV-1A, HRV-14, and coxsackievirus A21 is sufficient. 



FIG. 16 illustrates examples of multibinding compounds based on comound 
F and FIG.s 17 and 18 illustrate examples for the synthesis of such compounds. 

Amphotericin 

20 Amphotericin is an antibiotic that is active against fungal organisms and 

Leishmania parasites. Amphotericin B prototypes the polyene macrolide family 
of antifungal agents, which also includes nystatin (Figure 19) and the structurally 

* 67 

simpler analogs filipin and roflamycoin. ' 

25 Amphotericin's target is a macromolecular structure, the fungal/parasite cell 

membrane. More specifically, amphotericin forms a complex with the sterol 
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ergosterol within the cell membrane. This event increases the permeability of the 
fungal cell membrane, leading to loss of essential intracellular components. At low 
concentrations of amphotericin, loss of cell contents is restricted to cations and 
protons; however, higher concentrations or prolonged exposure results in loss of 
5 other cellular components, metabolic disruption, and cell death. 8 Amphotericin 
will also complex with cholesterol within the context of mammalian cell 
membranes; however, this interaction is of lower affinity than is the interaction 
with ergosterol, leading to selectivity for fungal cells. 9 ' 10 

10 In the most widely accepted model, 8-10 molecules of amphotericin 

assemble into a cyclic array with intercalated ergosterol molecules within a single 
leaflet of the fungal cell membrane. 11 ' 12 This amphipathic "barrel stave" structure 
encloses an aqueous pore. Alignment of two such pores, one in each of the outer 
and inner membrane leaflets, produces a transmembrane channel that allows for 

15 ion and small non-electrolyte passage. Alternatively, single pores may sufficiently 
disrupt the adjacent membrane leaflet so as to produce leakage. The pores are 
believed to have an inner diameter of 8A, based on the finding that membranes 
bearing nystatimsterol pores do not pass molecules larger than glucose. 1 



. 11.13 



20 Amphotericin B has been in clinical use for more than 30 years and remains 

the "gold standard" for systemic treatment of serious, deep-seated mycoses due to 
its broad spectrum of action, its fungicidal properties, and the fact that resistance 
has been slow to develop and spread. With regard to amphotericin resistance, this 
typically involves alterations in fungal sterol biosynthesis leading to reduction or 

25 elimination of ergosterol production. Amphotericin B represents front-line therapy 
for invasive aspergillosis, blastomycosis, coccidioidmycosis, cryptococcosis, 
histoplasmosis, mucormycosis, and sporotrichosis. Likewise, nystatin is 
commonly used for treatment of superficial candidiasis. 14 The primary drawbacks 
to amphotericin use are wide variety of side effects observed upon its 

30 administration. These side effects include fever, chills, anorexia, nausea, vomiting, 
headache, hypotension, flushing, vestibular disturbances, hyperkalemia, 
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anythmias, apnea, convulsions, and anaphylaxis observed during or shortly after 
infusion, as well as thrombophlebitis, nephrotoxicity, and hematologic disorders 
(anemia, thrombocytopenia, eosinophilic agranulocytosis). Among these side 
effects, nephrotoxicity is the most common and the most important; indeed, 
5 nephrotoxicity is the side effect which most often limits clinical use of 

amphotericin. The nephrotoxic effects observed include both tubular defects (renal 
tubular acidosis, renal concentrating defect, hypokalemia and renal potassium 
losing, other electrolyte disorders) and decreased glomerular filtration rate. Recent 
studies suggest that amphotericin's ability to alter cell membrane permeability also 
10 leads to alterations in tubular and smooth muscle cell function, leading to tubular 
transport defects and vasoconstriction. 15 Thus, approaches that decrease the-, 
affinity of amphotericin for mammalian cell membranes and/or decrease the 
relative delivery of amphotericin to mammalian versus fungal cell membranes may 
reduce the nephrotoxicity of the drug. It has been shown that various liposomal and 
1 5 lipid formulations of amphotericin decrease toxic side effects, presumably by 
altering the drug's delivery parameters. 16 ' 17 Yamashita, Regen and other 
co-workers have prepared and studied conjugates of amphotericin B with a series 
of oligo(ethyleneglycol) appendages. 18 The appendages were attached to the 
carboxyl group of the antibiotic through formation of an amide bond. Experiments 
20 with these compounds revealed that oligo(ethyleneglycol) conjugation significantly 
increased the solubility of amphotericin and decreased its aggregation and 
hemolytic properties while having only a modest negative impact on its in vitro 
potency. These results suggest that amphotericin's beneficial therapeutic effects 
may be separated from its toxic effects. However, it is to be noted that neither 
25 lipid formulation nor oligo(ethyleneglycol) conjugation increases the intrinsic 
antifungal potency of amphotericin B. 

The amphotericin-associated membrane pore structures are believed to 
consist of 8-10 ergosterol-templated polyene macrolide subunits. Given this, 
30 linkage of 2 ormore subunits with an appropriate framework (linker) increases the 
propensity to form the pore structure by pre-organizing the subunits for interaction 
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with the membrane sterol. Amphotericin multibinding compounds also display 
decreased off-rates from fungal cell membranes. These phenomena translate into 
increased potency relative to amphotericin B as well as increased duration of action 
and post-antibiotic effect. It is also possible to link amphotericin subunits in a 
5 manner which serves to align pores in the inner and outer membrane leaflets, 

leading to increased efficiency of transmembrane channel formation and elution of 
cell contents which translates into increased potency and kill-rates. Pre- 
organization of the amphotericin subunits also enhances the specificity of 
association with ergosterol versus cholesterol, thereby providing a basis for 
10 decreasing the relative propensity for pore-based disruption of mammalian versus 
fungal cell membranes. Use of frameworks which increase the solubility and 
critical micelle concentrations of amphotericin multibinding compounds relative to 
amphotericin B serves to decrease non-specific membrane-disruptive effects. 
Finally, multivalency-based enhancement in affinity for ergosterol and structural 
15 analogs displayed by amphotericin multibinding compounds allows them to exert 
antifungal effects even against amphotericin-resistant organisms, which typically 
decrease or eliminate the production of ergosterol. 19 However, it is to be noted that 
alteration of lipid composition may in some cases be insufficient to account for 
polyene resistance. 20 

20 

A typical yeast cell has a surface area of 40 square micrometers. Ergosterol 
and related sterols constitute approximately one-third (by weight) of all lipids 
present in yeast, a value similar to the sterol (mainly cholesterol) content of 
mammalian cell membranes. Thus, ergosterol is a major component of fungal cell 
25 membranes. 

Amphotericin B is produced by the soil bacterium Streptomyces nodusus. 21 
and a number of derivatives modified at several positions around amphotericin B 
have been prepared. The key observations to be made based on studies of these 
30 compounds include: 
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Opening of the macrocyclic ring, masking of the polyhydroxy moiety, 
removal of the polyene unit, and opening of the tetrahydropyranyl ring all 
substantially reduce or abrogate antifungal activity. 21 ' 26 



5 Chemical modification of the C16 carboxyl group as esters, amides, and a 

hydrazide often affords compounds with decreased hemolytic activity towards 
mammalian erythrocytes in vitro:* 2 ™ Amphotericin B methyl ester and N- 
omithyl amphotericin B methyl ester were found to be less nephrotoxic than 
amphotericin B in animal models and, for amphotericin B methyl ester, in clinical 

1 0 trials. 30 ' 31 However, it appears that neurotoxicity halted further clinical 
development of these compounds. 

Acylation of amphotericin's mycosamino group typically decreases activity, 
but aminoacylation or alkylation are typically less disruptive 3233 One method for 

15 W-alkylation involves conjugate addition to N-ethylmaleimide derivatives; indeed 
Czerwinski et al. report a monovalent adduct of amphotericin B with NJf- 1,6- 
hexandiyl-bis(maleimide). 32 This compound is substantially less potent, exhibiting 
MIC values against yeasts that are more than 20-fold higher than those observed 
with amphotericin B. As with C16 carboxyl modifications, N-alkylation or N- 

20 aminoacylation often substantially increases solubility (to tens of milligrams/mL) 
relative to amphotericin B and increases the differences in concentrations at which 
the compounds kill fungal cells versus cause hemolysis. 

The choice of carboxyl and amino protecting groups (allyl ester and N- 
25 Fmoc) allows the preparation of several derivatives of amphotericin B modified at 
the C-13 hemiketal position. 34 Whereas amphotericin B bears ahydroxyl group at 
C13, the ketal derivatives made bear methoxy, beta-hydroxyethyoxy, and n- 
propyloxy substituents. In vitro experiments indicate that the ketal derivatives are 
substantially less hemolytic than is amphotericin B (with EH50 values increased at 
30 least 20-fold). The methoxy and beta-hydroxyethoxy ketals exhibited MIC values 
against a range of fungal pathogens that were on average 2-fold higher than those 
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for amphotericin B. The n-propyloxy ketal was on average 10-fold less potent in 
vitro. 

In summary, amphotericin B can be modified at a selected subset of 
5 functional groups. These modifications often reduce the hemolytic potential of the 
products, which are potentially useful in reducing the toxicity of the drug. 
However, in no case has semisynthetic modification of amphotericin B produced a 
derivative with anything more than a modest increase in in vitro potency. It would 
seem that an approach that affords derivatives with both enhanced potency and 
10 solubility would represent a significant advance. 

In the "barrel stave" model for amphotericin B, 8-10 polyene macrolide 
subunits comprise a cyclic array with the polar mycosamine "tops" located at the 
membrane/aqueous pores and the C13-C1 7 hemiketal/C 16 carboxyl/C19-interface 

15 either inside or outside the cell. The C34-C37 "bottoms" are located in the middle 
of the plasma membrane. The polyhydroxlated C1-C12 edges are directed to the 
inside of the pores, while the heptaenic C20-C33 edges are directed towards the 
surrounding membrane. The amphotericin B subunits interleave around the 
perimeter of the pores; i.e., in a head-to-tail fashion. If the inner diameter of the 

20 pores is on the order of 8 A, 11,13 the maximum distance between subunits across the 
pores is probably no more than 20 A. This distance and geometry information, 
along with what is known about the effects of semisynthetic modifications of 
amphotericin B, suggests several approaches to the design of multibinding 
compounds that will pre-organize amphotericin B (or other polyene macrolide) 

25 subunits for formation of individual pores. 

One linkage strategy involves attaching the subunits through their bottoms. 
In the case of amphotericin B, this requires selective functionalization of the C35 
hydroxyl group. 

30 
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Additional and more straightforward linkage strategies involve attaching 
subunits through groups on the hydrophilic top of the molecule: The C13 hemiketal 
site, the C16 carboxyl, and the C3' amino position of the mycosamine linked as an 
alpha-pyranoside to the C19 position of amphotericin B. Among these attachment 

5 sites, the C16 carboxyl and the mycosamine amino group are most preferred in 
light of the better understood medicinal chemistry invoking these positions and the 
fact that multiple substitutions of these positions are known that do not 
substantially decrease activity. The medicinal chemistry work carried out at C13 is 
much more limited and the H-propyloxy ketal is markedly reduced in in vitro 

10 activity, indicating that attachment to more extensive frameworks through this 

position is not preferred. The model for the pore also indicates that groups attached 
to the CI 3 position may lie within the pore itself which could potentially plug the 
pore. As illustrated in Figure 20, it is straightforward to synthesize a series of 
oligo(ethyleneglycol) linked bis-ketals wherein framework refers to the linker. 



15 



One preferred embodiment for amphotericin multibinding compounds 
would be to connect 2-10 of such ligands to a somewhat flexible linear framework 
such as an oligopeptide) or a substituted oligo(ethyleneglycol). The attachment 
points for the subunits could be via the C16 carboxyl, the C3 1 amino group, or a 
20 mixture of the two. Most preferred are dimers (divalomers) attached in either 
head-to-head (i.e., C16-C16), tail-to-tail (C3--C3 1 ), or head-to-tail (C16-C3 1 ) 
fashion. Using a value of 8A for the internal diameter of the pore, 16A for the 
external diameter of the pore, and 8-10 subunits per pore, it is estimated that the 
minimum and maximum distances between C16 carboxyl groups and C3 1 amino 
25 groups of adjacent subunits are approximately 5 and 15 A, respectively. These 
distances could be spanned by attaching amphotericin subunits to every second to 
every fourth residue in an oligopeptide derived from alpha-amino acids, or to every 
other to every fourth monomer subunit of an oligo(ethyleneglycol). Examples of 
such structures and how they are prepared are shown in Figures 21 and 22. The 
30 preferred attachment chemistries include amide bond formation between 

amphotericin carboxyl groups and framework amino groups, conjugate or 
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reductive alkylation of C3' amino groups with framework, and amide or amine 
bond formation between the amino group of aminoacylated amphotericin 
derivatives and framework carboxyl or maleimide groups, respectively. Couplings 
are preferably carried out in polar yet inert solvents such as DMF using standard 

5 phosphoryl, uronium ion, or carbodiimide peptide coupling reagents including 
DPP A, PyBOP, HBTU, and DCC. Multibinding compound products are 
preferably isolated in crude form by precipitation from the reaction mixture by 
dilution into a non-polar solvent such as diethyl ether. Crude products are 
preferably purified by recrystallization, normal or reverse-phase chromatography, 

1 0 size-exclusion chromatography, or ion-exchange chromatography. 

In a second preferred embodiment, 3-10 polyene macrolide subunits are 
radially displayed through attachment to a framework consisting of multiple 
"arms" that radiate from a central core structure such as a benzene ring. The arms 
15 of these structures must be sufficiently long to span the pore structure; i.e. they 
must allow for separations of individual subunits of up to approximately 20A. As 
in the previously described linear embodiment, amphotericin subunits are 
preferably attached to radial frameworks via C16 carboxyl groups and/or C3' 
amino groups (Figures 23 and 24). The preferred attachment chemistries include 
20 amide bond formation between amphotericin carboxyl groups and framework 
amino groups, conjugate alkylation of C3' amino groups with framework 
maleimide groups, and amide or amino bond formation between the amino group 
of aminoacylated amphotericin derivatives and framework carboxyl ormaleimide 
groups, respectively. Couplings are preferably carried out in polar yet inert 
25 solvents such as DMF. Multibinding compound products are preferably isolated in 
crude form by precipitation from the reaction mixture by dilution into a non-polar 
solvent such as diethyl ether. Crude products are preferably purified by 
recrystallization, normal- or reverse-phase chromatography, size-exclusion 
chromatography, or ion-exchange chromatography. Additional important aspects 
30 of the design and use of radial amphotericin displays are as follows. First, it is to 
be noted that the central core of a radial framework is expected to sit over the pore 
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and could potentially plug it up. Thus, it is important to allow for sufficient 
separation between the core and the subunits such that plugging does not occur. 
Second, it is not necessarily essential, and may in fact be preferable to attach all 
8-10 subunits essential for formation of a single, complete pore to a single linker. 
5 In cases where the radially displayed multibinding compound is insufficient to 
form a completed pore, one would co-administer free amphotericin B or an 
alternate mono- or polyvalent polyene macrolide to fill in the "gaps". 

Given the presumed head-to-tail orientation of polyene macrolide subunits 
1 0 around the perimeter of the pore, a third preferred embodiment would be to 
connect 2-10 subunits in head-to-tail, daisy-chain fashion e.g., in atrimer 
(trivalomer) the C16 position of one terminal subunit could be attached to the C3' 
position of the central subunit while the C16 position of the same central subunit 
could be attached to the C3' position of the other terminal subunit. In such 
15 structures, the linker is discontinuous in that it is interrupted by the polyene 
macrolide subunits. In other words, portions of the macrolides themselves 
contribute to the overall linker (framework) structure. As noted above, the 
estimated distance between juxtaposed C16 carboxyl groups and C3' amino groups 
is on the order of 5 A; thus, relatively short linking elements are preferred. One 
20 such example is provided in Figure 25. The preferred attachment chemistries 
include amide bond formation between amphotericin carboxyl groups and linker 
amino groups, conjugate or reductive alkylation of C3' amino groups with linker 
maleimide groups, and amide or amine bond formation between the amino group 
of aminoacylated amphotericin derivatives and linker carboxyl or maleimide 
25 groups, respectively (here the aminoacyl addend can comprise part or all of the 
linker). Couplings are preferably carried out in polar yet inert solvents such as 
DMF. Multibinding compound products are preferably isolated in crude form by 
precipitation from the reaction mixture by dilution into a non-polar solvent such as 
diethyl ether. Crude products are preferably purified by recrystallization, normal- 
30 or reverse-phase chromatography, size-exclusion chromatography, or ion-exchange 
chromatography. 
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It is noted that the most preferred amphotericin multibinding compound 
may contain more than one distinct multivalent construct admixed with one or 
more monovalent constructs. 

5 It is also to be noted that multivalent amphotericin B macromolecular 

ligands (constructs) could be designed such that different ligands reside in different 
pores. The linkers for such ligands would be fairly rigid and with distance and 
geometric constraints that would make it impossible for the attached ligands to be 
simultaneously incorporated into the same pore. Such multibinding compounds, by 
10 themselves or perhaps in admixture with amphotericin B or other monovalent or 
multivalent polyene macrolide derivatives, would serve to nucleate multiple pores 
in close proximity. It is envisioned that such an event would enhance leakage of 
fungal cell contents and killing activity. Two distinct types of adjacencies are 
possible, "side-by-side" in the same leaflet of the cell membrane, or "bottom-to- 
15 bottom" spanning both membrane leaflets. Bottom-to-bottom adjacency is 
especially attractive, as it would serve to nucleate channels that span the entire 
membrane. The barrier to realizing such constructs will be the development of 
efficient and selective chemistry for linking subunits through their bottom edges, 
for example the C35 hydroxyl group of amphotericin B. With regard to side-by- 
20 side pores, the optimal nucleating multibinding compounds are envisioned to be 
those with rigid, divergently arrayed frameworks which actually prevent the 
attached amphotericin B subunits from residing within the same pore. Plausible 
attachment points for the subunits of such structures include C13, C16, 
mycosamine, and C35. Given the divergent enforcement in these systems, it may 
25 be required that "proximal pore nucleating elements" be co-administered with 

amphotericin B or other monovalent or multivalent polyene macrolide derivatives. 

Standard in vitro antifungal susceptibility studies involving broth dilution, 
plate dilution, or zone of inhibition assays are used as the first step in analyzing the 
30 properties of amphotericin multibinding compounds. These experiments provide 
minimum inhibitory concentrations (MICs) and minimum fungicidal 
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concentrations (MFCs). Controls for these studies include amphotericin B, 
monovalent amphotericin B-framework conjugates, and fluconazole. The panel or 
organisms screened includes the following organisms in both drug-sensitive and 
drag-resistant strains: 

5 

Saccharomyces cerevisiae 
Candida albicans 
Non-albicans species of Candida 
Aspergillus niger 
1 0 Aspergillus nidulans 

Aspergillus fumigatus 
Aspergillus flaws 
Cryptococcus neoformans 

Coccidioides immitis 
15 Torulopsis glabrata 

Histoplasma capsulatum 

Blastomcyes dermatitiddis 

Compounds which display promising in vifro activity are advanced to 
20 further biological and pharmacological analysis. Important additional in vitro 
experiments include determinations of time-kill profiles, hemolytic activities, as 
well as toxicities toward cultured human cells and tissue samples. Important in 
vivo experiments include determination of pharmacokinetic parameters, efficacy m 
mouse models of infection, and analysis of acute tolerability and toxic effects, 
25 particularly nephrotoxicity and neurotoxicity. 

The following examples are specific to Amphotericin and related polyene 
macrolide compounds. 

30 Synthesis ofbis(amphotericin) ketals (Figure 20). 
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A solution of Af-('9-fluorenylmethoxycarbonyl)amphotericin B allyl ester 
(2.16 mmol, 2.51 g) and ethylene glycol (1.1 mmol, 0.067 g) in 25 mL dry THF is 
cooled in an ice bath and treated with camphorsulfonic (0.58 mmol, 0. 145 g). After 
stirring for 30 minutes, ethyl acetate and sodium bicarbonate solution are added. 

5 After standard work-up, the crude product is chromatographed on silica gel using 
10:1 methylene chloride:methanol eluent to afford the di-Fmoc, di-allyl ester 
bis(ketal). The Fmoc groups of the bis(ketal) are then removed at room 
temperature using a two-fold excess of piperidine in DMSOrmethanol solvent. The 
crude product is precipitated from the reaction mixture by pouring it into diethyl 

1 0 ether. After drying in vacuo, the allyl esters are removed at room temperature using 
a combination of tetrakis(triphenylphosphine)palladium[0] and pyrrolidine in THF 
solvent. The crude product precipitates from the reaction mixture, is collected by 
centrifligation, washed with THF, and then re-precipitated by dissolving in a 5: 1 
mixture of methanol.THF and diluting into diethyl ether. Drying in vacuo affords 

15 13-0, 13'-(f-(\ ,2-ethandiyl)bis(amphotericinB). 

Synthesis of Cl6-linked linear- and radial amphotericin B multibinding 
compounds (Figures 21 and 23). 

Amphotericin B (0.0554 g, 0.060 mmol) is suspended in 2 mL of DMA, 
20 stirred at room temperature, and then treated with triethylamine (0.60 mmol), 
DPPA (0.60 mmol), and 1,11 -diamino-3,6,9-trioxaundecane (0.0058 g, 0.030 
mmol) in the dark under a nitrogen atmosphere. After 5 days, the reaction mixture 
is poured into 80 mL of diethyl ether. The crude product is further purified, first by 
four times resolubilizing in methanol and reprecipitating from diethyl ether, and 
25 then by silica gel chromatography using 9:1 methanol:30% ammonium hydroxide 
eluent to afford bis(amphotericin B)-3,6,9-trioxaundecan-l ,1 1-diamide 

Synthesis ofC3 '-linked linear- and radial amphotericin B multibinding 
compounds (Figures 22 and 24). To a stirred suspension of amphotericin B (0.277 
30 g, 0.30 mmol) in 5 mL DMF is added triethylamine (0.042 mL, 0.300 mmol) and 
then /^l,6-hexandiyl-bis(maleimide) (0.041 g, 0.1 5 mmol). The mixture is 
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stirred at room temperature for 1 day. The crude product is precipitated by the 
addition of 250 mL diethyl ether, washed with additional ether, and dried in vacuo. 
This material is further purified by silica gel chromatography using 13:6:1 
chloroform:methanol:water eluent to afford bis(amphotericin B)- N,AT-1,6- 
5 hexandiyl-bis(succinamide). 

Synthesis of CI 6-W-C3' linked amphotericin B daisy-chain multibinding 
compounds (Figure 25). Amphotericin B (0.554 g, 0.60 mmol) is suspended in 20 
mL of DMA, stirred at room temperature, and then treated with triethylamine (6.0 

10 mmol), DPPA (6.0 mmol), and 1 -aminopropane (0.034 g, 0.60 mmol) in the dark 
under a nitrogen atmosphere. After 5 days, the reaction mixture is poured into 800 
mL of diethyl ether. The crude product is further purified, first by four times 
resolubilizing in methanol and reprecipitating from diethyl ether, and then by silica 
gel chromatography using 9:1 methanol:30% ammonium hydroxide eluent to 

1 5 afford the "carboxyl capped" adduct amphotericin B- 1 -propanamide. 

To a stirred solution of amphotericin B-l -propanamide (0.579 g, 0.60 
mmol) in 5 mL dimethylformamide is added triethylamine (0.084 mL, 0.600 
mmol) and then N-(2-aminoethyl)maleimide (0.084 g, 0.060 mmol). The mixture 
20 is stirred at room temperature for 1 day. The crude product is precipitated by the 
addition of 250 mL diethyl ether, washed with additional ether, and dried in vacuo. 
This material is further purified by silica gel chromatography using 9: 1 
methanol:30% ammonium hydroxide eluent to afford amphotericin 
B-(l-propanamide)(N-(2-aminoethyl)succinimide). 

25 

Amphotericin B-(l-propanamide)(N-(2-aminoethyl)succinimide) (0.332 g, 
0.30 mmol) is suspended in 10 mL of DMA, stirred at room temperature, and then 
treated with amphotericin B (0.277 g, 0.30 mmol) followed by triethylamine (3.0 
mmol) and diphenylphosphoryl azide (DPPA, 3.0 mmol) in the dark under a 
30 nitrogen atmosphere. After 2 days, the reaction mixture is poured into 400 mL of 
diethyl ether. The crude product is further purified, first by four times 
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resolubilizing in methanol and reprecipitating from diethyl ether, and then by silica 
gel chromatography using 9:1 methanol:30% ammonium hydroxide eluent to 
afford the carboxyl-capped head-to-tail dimer [amphotericin B-(l- 
propanamide)(N-(2-amidoethyl)succinimide)]-[amphotericin B]. 

5 

[Amphotericin B-(l -propanamide)(N-(2-amidoethyl)succinimide)]- 
[amphotericin B] (0.201 g, 0.10 mmol) is dissolved in 2 mL of DMF and treated 
with triethylamine (0.014 mL, 0.10 mmol) followed by //-(2-amino- 
ethyl)maleimide (0.014 mL, 0.10 mmol). The mixture is stirred at room 
10 temperature for 1 day. The crude product is precipitated by the addition of 50 mL 
diethyl ether, washed with additional ether, and dried in vacuo. This material is 
further purified by silica gel chromatography using 9:1 methanol:30% ammonium 
hydroxide eluent to afford [amphotericin B-(l-propanamide)(^-2- 
amidoethyl)succinamide)]-[amphotericinB(^-(2-amidoethyl)succinamide)]. 

15 

[Amphotericin B-(l-propanamide)(/^-(2-amidoethyl)succinamide)]- 
[amphotericin B(Af-(2-amidoethyl)succinamide)] (0.215 g, 0.10 mmol) is 
suspended in 5 mL of DMA stirred at room temperature, and then treated with N- 
acetyl-amphotericin B (0.097 g, 0.10 mmol) followed by triethylamine (1.0 mmol) 

20 and DPPA, 1.0 mmol) in the dark under a nitrogen atmosphere. After 2 days, the 
reaction mixture is poured into 100 mL of diethyl ether. The crude product is 
further purified, first by four times resolubilizing in methanol and reprecipitating 
from diethyl ether, and then by silica gel chromatography using 9:1 methanol:30% 
ammonium hydroxide eluent to afford the carboxyl- and amide-capped head-to- 

25 tail/head-to-tail trimer [amphotericin B(l-propanamide)(N-(2- 

amidoethyl)succinamide)]-[ampphotericinB(N-(2-amidoethyl)succinamide)]- 

[N-acetyl-amphotericin B]. 

Mnlti bi"^i"g Mndifisrs q£ r*""'"- Filamentous Structures 
30 Drugs that modify the cellular filamentous structures are most commonly 

antineoplastic agents. 35 
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The repeating protein structures that make up the cyctoskeleton play a 
crucial role in a number of cellular processes. Members of this class of proteins 
include tubulin, actin, myosin, tropomyosin, troponin, titin, nebulin, a-actimn, 
myomesin, keratin, C-protein, dynein, and nexin. The repeating nature of these 
cytoskeletal structures make an approach to the production of modifiers based on 
polyvalency attractive. This discussion focuses, for illustrative purposes only, on 
the modifiers of tubulin polymerization and, to a lesser extent, actin. It is 
understood that the general principles will be applicable to the modification of 
other cellular filamentous structures. 



10 



Tubulin: 

In vivo cellular assembly of a-tubulin and p-tubulin results in the formation 
of microtubules. Microtubule arrays in cells are labile. This lability is key to their 
cellular function and thus altering their stability can impact cellular processes. In 
15 particular, formation of a mitotic spindle is accompanied by alteration in the 
dynamic properties of microtubules. Thus, agents that influence the dynamic 
equilibrium between tubulin and microtubules can disrupt mitosis resulting in the 
death of dividing cells. This antimitotic activity of spindle poisons has been 
widely used for cancer chemotherapy. 

20 

There are two general classes of tubulin modulators, tubulin polymerization 
inhibitors and microtubule stabilizers. 

Microtubule Stabilizers: 

25 Numerous microtubule stabilizers are illustrated in Figure 26. 

Taxol or Paclitaxel is an antimicrotubule agent that promotes the assembly 
of microtubules from tubulin dimers and stabilizes microtubules by preventing 
depolymerization. This stability results in the inhibition of the normal dynamic 
reorganization of the microtubule network that is essential for vital interphase and 

30 mitotic cellular functions. In addition, paclitaxel induces abnormal arrays or 
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"bundles" of microtubules throughout the cell cycle and multiple asters of 
microtubules during mitosis. 

Taxotere or Docetaxel is an antineoplastic agent that acts by disrupting the 
5 microtubular network in cells that is essential for mitotic and interphase cellular 
functions. Docetaxel binds to free tubulin and promotes the assembly of tubulin 
into stable microtubules while simultaneously inhibiting their disassembly. This 
leads to the production of microtubule bundles without normal function and to the 
stabilization of microtubules, which results in the inhibition of mitosis in cells. 
10 Docetaxel's binding to microtubules does not alter the number of protofilaments in 
the bound microtubules, a feature which differs from most spindle poisons 
currently in clinical use. 

For both Taxotere and Taxol, common side effects include neutropenia, 
1 5 leukopenia, and peripheral neuropathy. These side effects occur in a dose 
dependent manner. Other side effects include a hypersensitivity reaction. 36 

Taxol and Taxotere are also subject to Multi Drug Resistance (MDR). 37 
This limits the utility of the drug for repeated administrations. SAR analysis for 
20 taxol is provided in Figure 27. 

Microtubule Disrupters: 

Microtubule disrupters include the following compounds, some of which 

are further elaborated upon: 



25 



30 



1 , Podophyllotoxin is a cytotoxic agent that has been used topically in the 
treatment of genital warts. It arrests mitosis in metaphase, an effect it shares with 
other cytotoxic agents such as the vinca alkaloids. 38 Podophyllotoxin is subject to 
Multi Drug Resistance (MDR) 37 . 

2, Colchicine. 39 which is illustrated in Figure 28. 
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3. 2-phenyl-4-quinolones 40 ' 41 which are illustrated in Figure 28. 

4. Combrestatins 42 which are illustrated in Figure 28. 

5 5. 5,3 , -Dihydroxy-3 1 6 ) 7,8,4*-pentamethoxyflavonone 43 which is illustrated i 
Figure 30. 

6. Coringerine and Steganacin. 4445 which are illustrated in Figure 29. 



10 7. Noscapine. 46 
Griseofulvin: 

Griseofiilvin, illustrated in Figure 30, is fungistatic with in vitro activity 
against various species of Microsporum, Epidermophyton and Trichophyton. It has 
15 no effect on bacteria or other genera of fungi. Human pharmacology, following 
oral administration, griseofulvin is deposited in the keratin precursor cells and has 
a greater affinity for diseased tissue. The drug is tightly bound to the new keratin 
which becomes highly resistant to fungal invasions. However, griseofulvin is 
carcinogenic in laboratory animals. 47 ' 48,49 ' 50 

20 

Vinca Alkaloids: 

Experimental data indicate that the action of Velban (Vinblastine Sulfate - 
illustrated in Figure 29 - not as the sulfate salt) is different from that of other 
recognized antineoplastic agents. Tissue-culture studies suggest an interference 

25 with metabolic pathways of amino acids leading from glutamic acid to the citric 
acid cycle and to urea. In vivo experiments tend to confirm the in vitro results. A 
number of studies in vitro and in vivo experiments have demonstrated that Velban 
produces a stathmokinetic effect and various atypical mitotic figures. The 
therapeutic responses, however, are not fully explained by the cytologic changes, 

30 since these changes are sometimes observed clinically and experimentally in the 
absence of any oncolytic effects. 
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Reversal of the antitumor effect of Velban by glutamic acid or tryptophan 
has been observed. In addition, glutamic acid and aspartic acid have protected 
mice from lethal doses of Velban. Aspartic acid was relatively ineffective in 
reversing the antitumor effect. Other studies indicate that Velban has an effect on 
cell-energy production required for mitosis and interferes with nucleic acid 
synthesis. The mechanism of action of Velban has been related to the inhibition of 
microtubule formation in the mitotic spindle, resulting in an arrest of dividing cells 
at the metaphase stage. 



10 Vincristine: 

The mechanisms of action of Oncovin remain under investigation. The 
mechanism of action of Oncovin has been related to the inhibition of microtubule 
formation in the mitotic spindle, resulting in an arrest of dividing cells at the 
metaphase stage. 



15 



Cancer Treat.Rep.mil (1976). Prepn and pharmacology of 
[3H]vincristine: Owellen, Donigian, J. Med. Chem., 15:894 (1972). Symposium 
on vincristine: Cancer Chemother. Rep. 52:453-535 (1968). Pharmacology: R.H. 
Adamson et al., Arch. Int. Pharmacodyn. Ther., 157:299 (1965); S.M. Sieber et al., 
20 Cancer Treat. Rep., 60:127 (1976). Symposium on vincristine: Cancer 

Chemother. Rep., 52:543-535 (1968). Comprehensive description of the sulfate: 
J.H. Burns, Anal. Prof. Drug Subs., 1:463-480 (1972). 



25 



Vinorelbine: 

S'^-Didehydro-^-deoxy-C'-norvincaleukoblastine, P. Mangeney, et al., 
Tetrahedron, 35:2175 (1979). Pharmacology: G. Math, et al., Cancer Letters, 
27:285(1985). Clinical pharmacokinetics: R. Rahmani, et al., Cancer Res., 
47:5796(1987). Symposium: Seminars in Oncology 16, Suppl 4:1-45 (1989). 
Review: M. Marty, et al., Nouv. Rev. Fr. Hematol, 31:77-84 (1989). 



30 
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Vinorelbine is a vinca alkaloid that interferes with microtubule assembly. 
The vinca alkaloids are structurally similar compounds comprised of two 
multiringed units, vindoline and catharanthine. Unlike other vinca alkaloids, the 
catharanthine unit is the site of structural modification for vinorelbine. The 

5 antitumor activity of vinorelbine is thought to be due primarily to inhibition of 
mitosis at metaphase through its interaction with tubulin. Like other vinca 
alkaloids, vinorelbine may also interfere with: 1) amino acid, cyclic AMP, and 
glutathione metabolism, 2) calmodulin-dependent Ca^-transport ATPase activity, 
3) cellular respiration, and 4) nucleic acid and lipid biosynthesis. In intact tectal 

10 plates from mouse embryos, vinorelbine, vincristine, and vinblastine inhibited 
mitotic microtubule formation at the same concentration (2 mcM), inducing a 
blockade of cells at metaphase. Vincristine produced depolymerization of axonal 
microtubules at 5 mcM, but vinblastine and vinorelbine did not have this effect 
until concentrations of 30 mcM and 40 mcM, respectively. These data suggest 

1 5 relative selectivity of vinorelbine for mitotic microtubules. 

Actin Formation Blockers (as illustrated in Figure 33): 
Cytochalasins (more than twenty cytochalasins): 

20 

Major biological effects are the blockage of cytoplasmic cleavage by 
blocking formation of contractile microfilament structures, resulting in 
multinucleate cell formation, the reversible inhibition of cell movement, and the 
induction of nuclear extrusion: Carter, Nature, 213:261 (1967); Krishan, J., Cell 
25 Biol , 54:657 (1972); E.D. Kom, Physiol. Rev., 62:703 (1982). Correlation 

between effects of cytochalasins on cellular structures and cellular events and those 
onactinm^: I. Yahara, et al., J. Cell Biol., 92:69 (1982). Other reported 
effects include the inhibition of glucose transport, of thyroid secretion, of growth 
hormone release, of phagocytosis, and of platelet aggregation and clot contraction. 
30 See D.A. Hume, et al., Nature, 272:359 (1978). Nomenclature: M. Binder, et al., 
J.Chem.Soc.,?e*m Trans. 1,1146(1973). Reviews: M. Binder, et al., Chenu 
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Int. Ed., 12:370 (1973); R.B. Herbert in "The Alkaloids", vol. 7, J.E. Saxton, Ed. 
(The Chemical Society, London, 1977) pp. 29-30; W.G. Thilly, et al., Front. Biol., 
46:53-64 (1978); L.V. Dommina, et al., Proc. Nat. Acad. Sci. USA, 79:7754-7757 
(1982); W. Siess, et al., ibid., 7709-7713. 

Latrunculins 

Comparative study with cytochalsin D, q.v., on the effects on morphology, 
actin organization and cell processes: I. Spector, et al., Cell Motil. Cytoskel, 
13:127 (1989). 



Phalloidin 

Toxin that acts by binding actin, q.v., an essential internal structural 
protein. Ultrastructural pathology: M.A. Russo, et al., Am. J. Pathol, 109:133 
(1982). Toxicity study: Vogt, Arch. Exp. Pathol. Pharmakol, 190:406 (1938). 
15 Review of the chemistry and toxicology of the toxins of Amanita phalloides: 
Wieland, Wieland, Pharmacol. Rev., 11:87-107 (1959); see also T. Wieland, 
Fortschr. Chem. Org. Naturst, 25:214-250 (1967); T. Wieland, et al., Crit. Rev. 
Biochem., 5:185-260(1978). 

OH 

20 o «p 

■CH— C-NH— CH— C 




Amanitin 

Review of chemistry and toxicology of the toxins of Amanita phalloides: 
Wieland, Wieland, Pharmacol. Rev., 11:87-107 (1959); T. Wieland, Fortschr. 
30 Chem. Org. Naturst., 25:214-250 (1967); T. Wieland, et al., Crit. Rev. Biochem., 
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5:185-260 (1978). Book: H. Faulstich, et al., "Amanita Toxins and Poisoning: 
International Amanita Symposium (Lubrecht Cramer, Heidelberg, 1980 246 pp. 

Potential role(s) for multibinding compounds based on modifiers of cellular 
5 filamentous structures: 



HjC— CH 0 0 -\ 

m i I „■ en c ». :,■, -/ 
6=c H,< \ 7 H -u 

i nn ' ' 



,C — Cll N i l C-CH— NH— C-CH; NH 

V i II II 



R:NH, 



It is contemplated that multibinding compounds based on modifiers of 
15 cellular filamentous structures will increase potency of action at the desired targets 
while minimizing non-mechanism related side effects. Multibinding compounds 
also offer the possibility of minimizing efflux from resistant cells by maximizing 
the binding to the target (for example, tubulin). 

20 Examples of the strategies which can be used to prepare multibinding 

compounds based on modifiers of cellular filamentous structures are shown in 
Figures 31-32 and 34-42 attached. Specifically, Figure 31 illustrates combrestatin 
dimers which can be prepared from the monomers shown. Figures32 and 40 
illustrate 2-phenyl-l,8-naphthyridin-4-one dimers which can be prepared from the 

25 monomers shown. Figures 34-39 illustrate taxol dimers and trimers which can be 
prepared from the monomers shown. Figure 41 illustrate colchicine based dimers 
which can be prepared from the monomers shown. Figure 42 illustrates functional 
points for dimerization of noscapine. Suitable dimers and monomers are also 
illustrated. 



30 
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The basic approach involves generating monomeric ligands from known 
ligands that exists for a particular target mechanism. These compounds are then 
assayed in the primary assay to ensure that biological activity is retained. Of the 
extended monomeric compounds that retain activity, systematic synthesis of 

5 linkers connecting monomeric units is conducted. This linkage can be done 
between identical, linked monomers and between non-identical extended 
monomers. Linkage between different ligand classes may be desirable (for 
example, to reduce toxicity). This includes linking both stabilizers and 
destabilizes of particular interactions (for example, tubulin polymerization). The 

1 0 linkage itself can have desirable functions, including but not limited to, changes in 
pharmocokinetic, pharmocodynamic, solubility, and activity profiles. The linkage 
itself can include pharmacologically active components. 

Is olation and Purifi c.afinn of the Compounds 

1 5 Isolation and purification of the compounds and intermediates described 

herein can be effected, if desired, by any suitable separation or purification such as, 
for example, filtration, extraction, crystallization, column chromatography, thin- 
layer chromatography, thick-layer chromatography, preparative low or high- 
pressure liquid chromatography or a combination of these procedures. Specific 

20 illustrations of suitable separation and isolation procedures can be had by reference 
to the Examples herein below. However, other equivalent separation or isolation 
procedures could, of course, also be used. 

Combinatorial T.ihraries 
25 The methods described above lend themselves to combinatorial approaches 

for identifying multimeric macromolecular compounds which possess 
multibinding properties. 

Specifically, factors such as the proper juxtaposition of the individual 
30 macromolecular ligands of a multibinding compound with respect to the relevant 
array of binding sites on a macromolecular target or targets is important in 



WO 99/64036 PCT/US99/11806 

-99- 

optimizing the interaction of the multibinding compound with its target(s) and to 
maximize the biological advantage through multivalency. One approach is to 
identify a library of candidate multibinding macromolecular compounds with 
properties spanning the multibinding parameters that are relevant for a particular 
5 macromolecular target. These parameters include: (1) the identity of ligand(s), (2) 
the orientation of ligands, (3) the valency of the construct, (4) linker length, (5) 
linker geometry, (6) linker physical properties, and (7) linker chemical functional 
groups. 

1 0 Libraries of multimeric macromolecular compounds potentially possessing 

multibinding properties (i.e., candidate multibinding compounds) and comprising a 
multiplicity of such variables are prepared and these libraries are then evaluated via 
conventional assays corresponding to the macromolecular ligand selected and the 
multibinding parameters desired. Considerations relevant to each of these 

15 variables are set forth below: 

Selection of ligand(s) 

A single macromolecular ligand or set of ligands is (are) selected for 
incorporation into the libraries of candidate multibinding compounds which 

20 library is directed against a particular macromolecular target or targets. The only 
requirement for the macromolecular ligands chosen is that they are capable of 
interacting with the selected target(s). Thus, macromolecular ligands may be 
known drugs, modified forms of known drugs, substructures of known drugs or 
substrates of modified forms of known drugs (which are competent to interact with 

25 the target), or other compounds. Macromolecular ligands are preferably chosen 
based on known favorable properties that may be projected to be carried over to or 
amplified in multibinding forms. Favorable properties include demonstrated safety 
and efficacy in human patients, appropriate PK/ADME profiles, synthetic 
accessibility, and desirable physical properties such as solubility, logP, etc. 

30 However, it is crucial to note that macromolecular ligands which display an 

unfavorable property from among the previous list may obtain a more favorable 



WO 99/64036 



PCT/US99/!1806 



-100- 

property through the process of multibinding compound formation; i.e., 
macromolecular ligands should not necessarily be excluded on such a basis. For 
example, a macromolecular ligand that is not sufficiently potent at a particular 
macromolecular target so as to be efficacious in a human patient may become 
5 highly potent and efficacious when presented in multibinding form. A 

macromolecular ligand that is potent and efficacious but not of utility because of a 
non-mechanism-related toxic side effect may have increased therapeutic index 
(increased potency relative to toxicity) as a multibinding compound, Compounds 
that exhibit short in vivo half-lives may have extended half-lives as multibinding 
10 compounds. Physical properties of macromolecular ligands that limit their 
usefulness (e.g. poor bioavailability due to low solubility, hydrophobicity, 
hydrophilicity) may be rationally modulated in multibinding forms, providing 
compounds with physical properties consistent with the desired utility. 

15 Orientation: selection of ligand attachment points and linking chemistry 

Several points are chosen on each macromolecular ligand at which to attach 
the ligand to the linker. The selected points on the ligand/linker for attachment are 
functionalized to contain complementary reactive functional groups. This permits 
probing the effects of presenting the ligands to their receptor(s) in multiple relative 

20 orientations, an important multibinding design parameter. The only requirement 
for choosing attachment points is that attaching to at least one of these points does 
not abrogate activity of the ligand. Such points for attachment can be identified by 
structural information when available. For example, inspection of a co-crystal 
structure of a protease inhibitor bound to its target allows one to identify one or 

25 more sites where linker attachment will not preclude the enzyme:inhibitor 

interaction. Alternatively, evaluation of ligand/target binding by nuclear magnetic 
resonance will permit the identification of sites non-essential for ligand/target 
binding. See, for example, Fesik, et aL, U.S. Patent No. 5,891,643. When such 
structural information is not available, utilization of structure-activity relationships 

30 (S AR) for ligands will suggest positions where substantial structural variations are 
and are not allowed. In the absence of both structural and SAR information, a 
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library is merely selected with multiple points of attachment to allow presentation 
of the ligand in multiple distinct orientations. Subsequent evaluation of this library 
will indicate what positions are suitable for attachment. 

5 It is important to emphasize that positions of attachment that do abrogate 

the activity of the monomeric macromolecular ligand may also be.advantageously 
included in candidate multibinding compounds in the library provided that such 
compounds bear at least one ligand attached in a manner which does not abrogate 
intrinsic activity. This selection derives from, for example, heterobivalent 

1 0 interactions within the context of a single target molecule. For example, consider a 
receptor antagonist ligand bound to its target receptor, and then consider modifying 
this ligand by attaching to it a second copy of the same ligand with a linker which 
allows the second ligand to interact with the same receptor molecule at sites 
proximal to the antagonist binding site, which include elements of the receptor that 

15 are not part of the formal antagonist binding site and/or elements of the matrix 
surrounding the receptor such as the membrane. Here, the most favorable 
orientation for interaction of the second ligand molecule with the receptor/matrix 
may be achieved by attaching it to the linker at a position which abrogates activity 
of the ligand at the formal antagonist binding site. Another way to consider this is 

20 that the SAR of individual ligands within the context of a multibinding structure is 
often different from the SAR of those same ligands in momomeric form. 

The foregoing discussion focused on bivalent interactions of dimeric 
compounds bearing two copies of the same ligand joined to a single linker through 
25 different attachment points, one of which may abrogate the binding/activity of the 
monomeric ligand. It should also be understood that bivalent advantage may also 
be attained with heterodimeric constructs bearing two different ligands that bind to 
common or different targets. 

30 Once the macromolecular ligand attachment points have been chosen, one 

identifies the types of chemical linkages that are possible at those points. The most 



WO 99/64036 



PCTAJS99/11806 



-102- 

preferred types of chemical linkages are those that are compatible with the overall 
structure of the ligand (or protected forms of the ligand) readily and generally 
formed, stable and intrinsically inocuous under typical chemical and physiological 
conditions, and compatible with a large number of available linkers. Amide bonds, 
5 ethers, amines, carbamates, ureas, and sulfonamides are but a few examples of 
preferred linkages. 

I inkers- spannin g "-leva n t mullibinding paramos through se l e c tion of v a lency , 
lin ke r l e ngth , linkeLgeometiy rifiditv. nhvsical nronerties, and chemical 

10 fj)tip.tinna1 groups 

In the library of linkers employed to generate the library of candidate 
multibinding compounds, the selection of linkers employed in this library of 
linkers takes into consideration the following factors: 

15 Valency. In most instances the library of linkers is initiated with divalent 

linkers. The choice of ligands and proper juxtaposition of two ligands relative to 
their binding sites permits such molecules to exhibit target binding affinities and 
specificities more than sufficient to confer biological advantage. Furthermore, 
divalent linkers or constructs are also typically of modest size such that they retain 

20 the desirable biodistribution properties of small molecules. 

T inker length. Linkers are chosen in a range of lengths to allow the 
spanning of a range of inter-ligand distances that encompass the distance 
preferable for a given divalent interaction. In some instances the preferred distance 
25 can be estimated rather precisely from high-resolution structural information of 
targets, typically enzymes and soluble receptor targets. In other instances where 
high-resolution structural information is not available (such as 7TM G-protein 
coupled receptors), one can make use of simple models to estimate the maximum 
distance between binding sites either on adjacent receptors or at different locations 
30 on the same receptor. In situations where two binding sites are present on the same 
target (or target subunit for multisubunit targets), preferred linker distances are 2- 
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20 A, with more preferred linker distances of 3-12 A. In situations where two 
binding sites reside on separate (e.g., protein) target sites, preferred linker distances 

a 

are 20- 1 00 A, with more preferred distances of 30-70 A. 

5 T .inker geometry anri rigidity. The combination of ligand attachment site, 

linker length, linker geometry, and linker rigidity determine the possible ways in 
which the ligands of candidate multibinding compounds may be displayed in three 
dimensions and thereby presented to their binding sites. Linker geometry and 
rigidity are nominally determined by chemical composition and bonding pattern, 

1 0 which may be controlled and are systematically varied as another spanning 
function in a multibinding array. For example, linker geometry is varied by 
attaching two ligands to the ortho, meta, and para positions of a benzene ring, or in 
cis- or frans-arrangements at the 1,1- vs. 1,2- vs. 1,3- vs. 1,4- positions around a 
cyclohexane core or in cis- or /rans-arrangements at a point of ethylene 

1 5 unsaturation. Linker rigidity is varied by controlling the number and relative 

energies of different conformational states possible for the linker. For example, a 
divalent compound bearing two ligands joined by 1,8-octyl linker has many more 
degrees of freedom, and is therefore less rigid than a compound in which the two 
ligands are attached to the 4,4' positions of a biphenyl linker. 

20 

T.inlfpx physical properties. The physical properties of linkers are 
nominally determined by the chemical constitution and bonding patterns of the 
linker, and linker physical properties impact the overall physical properties of the 
candidate multibinding compounds in which they are included. A range of linker 

25 compositions is typically selected to provide a range of physical properties 

(hydrophobicity, hydrophilicity, amphiphilicity, polarization, acidity, and basicity) 
in the candidate multibinding compounds. The particular choice of linker physical 
properties is made within the context of the physical properties of the ligands they 
join and preferably the goal is to generate molecules with favorable PK/ADME 

30 properties. For example, linkers can be selected to avoid those that are too _ 
hydrophilic or too hydrophobic to be readily absorbed and/or distributed in vivo. 
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LiakfiLChgnka] fictional groups. Linker chemical functional groups are 
selected to be compatible with the chemistry chosen to connect linkers to the 
ligands and to impart the range of physical properties sufficient to span initial 
examination of this parameter. 

5 

f r)TnbiP atr>rial synthesis 

Having chosen a set of n macromolecular ligands (n being determined by 
the sum of the number of different attachment points for each ligand chosen) and m 
linkers by the process outlined above, a library of (n\)m candidate divalent 

1 0 multibinding macromolecular compounds is prepared which spans the relevant 
multibinding design parameters for a particular macromolecular target. For 
example, an array generated from two macromolecular ligands, one which has two 
attachment points (Al, A2) and one which has three attachment points (Bl, B2, 
B3) joined in all possible combinations provide for at least 15 possible 

15 combinations of multibinding compounds: 

Al-Al A1-A2 Al-Bl A1-B2 A1-B3 A2-A2 A2-B1 A2-B2 
A2-B3 Bl-Bl B1-B2 B1-B3 B2-B2 B2-B3 B3-B3 

20 When each of these combinations isjoinedby 10 different linkers, a library of 150 
candidate multibinding compounds results. 

Given the combinatorial nature of the library, common chemistries are 
preferably used to join the reactive functionalies on the ligands with 
25 complementary reactive functionalities on the linkers. The library therefore lends 
itself to efficient parallel synthetic methods. The combinatorial library can employ 
solid phase chemistries well known in the art wherein the ligand and/or linker is 
attached to a solid support. Alternatively and preferably, the combinatorial libary 
is prepared in the solution phase. After synthesis, candidate multibinding 
30 compounds are optionally purified before assaying for activity by, for example, 
chromatographic methods (e.g., HPLC). 
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ft n nl3"iii nfnm »v H^""i"'' pharma c ologica l f i nd computational 

tnethods 

Various methods are used to characterize the properties and activities ofthe 
candidate multibinding compounds in the library to determine which compounds 
5 possess multibinding properties. Physical constants such as solubility under 
various solvent conditions and logD/clogD values can be determined. A 
combination of NMR spectroscopy and computational methods is used to 
determine low-energy conformations ofthe candidate multibinding compounds in 
fluid media. The ability ofthe members ofthe library to bind to the desired target 
10 and other targets is determined by various standard methods, which include 

radioligand displacement assays for receptor and ion channel targets, and kinetic 
inhibition analysis formany enzyme targets. In vitro efficacy, such as for receptor 
agonists and antagonists, ion channel blockers, and antimicrobial activity, can also 
be determined. Pharmacological data, including oral absorption, everted gut 
1 5 penetration, other pharmacokinetic parameters and efficacy data can be determined 
in appropriate models. In this way, key structure-activity relationships are 
obtained for multibinding design parameters which are then used to direct future 
work. 

20 The members ofthe library which exhibit multibinding properties, as 

' defined herein, can be readily determined by conventional methods. First those 
members which exhibit multibinding properties are identified by conventional 
methods as described above including conventional assays (both in vitro and in 
vivo). 

25 

Second, ascertaining the structure of those compounds which exhibit 
multibinding properties can be accomplished via art recognized procedures. For 
example, each member ofthe library can be encrypted or tagged with appropriate 
information allowing determination ofthe structure of relevant members at a later 
30 time. See, for example, Dower, et al., International Patent Application Publication 
No. WO 93/06121; Brenner, et al., Proc. Natl. Acad. Sci., USA, 89:5181 (1992); 
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Gallop, et al., U.S. Patent No. 5,846,839; each of which are incorporated herein by 
reference in its entirety. Alternatively, the structure of relevant multivalent 
compounds can also be determined from soluble and untagged libaries of candidate 
multivalent compounds by methods known in the art such as those described by 
Hindsgaul, et al., Canadian Patent Application No. 2,240,325 which was published 
on July 11, 1998. Such methods couple frontal affinity chromatography with mass 
spectroscopy to determine both the structure and relative binding affinities of 
candidate multibinding compounds to receptors. 

The process set forth above for dimeric candidate multibinding compounds 
of course, be extended to trimeric candidate compounds and higher analogs 



can, 
thereof. 



p 0 H mv - 1ip syn th™* an d rnialyf i<: " f additional arr a v(s) 

Based on the information obtained through analysis of the initial library, an 
optional component of the process is to ascertain one or more promising 
multibinding "lead" compounds as defined by particular relative ligand 
orientations, linker lengths, linker geometries, etc. Additional libraries can then be 
generated around these leads to provide for further information regarding structure 
20 to activity relationships. These arrays typically bear more focused variations in 
linker structure in an effort to further optimize target affinity and/or activity at the 
target (antagonism, partial agonism, etc.), and/or alter physical properties. By 
iterative redesign/analysis using the novel principles of multibinding design along 
with classical medicinal chemistry, biochemistry, and pharmacology approaches, 
25 one is able to prepare and identify optimal multibinding compounds that exhibit 
biological advantage towards their targets and as therapeutic agents. 

To further elaborate upon this procedure, suitable divalent linkers include, 
by way of example only, those derived from dicarboxylic acids, disulfonylhalides, 
30 dialdehydes, diketones, dihalides, diisocyanates,diamines, diols, mixtures of 

carboxylic acids, sulfonylhalides, aldehydes, ketones, halides, isocyanates, amines 
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and diols. In each case, the carboxylic acid, sulfonylhalide, aldehyde, ketone, 
halide, isocyanate, amine and diol functional group is reacted with a 
complementary functionality on the ligand to form a covalent linkage. Such 
complementary functionality is well known in the art as illustrated in the following 
5 table: 

COMPLEMENTARY BINDING CHEMISTRIES 



pi r <rt Reactive Group 


Second Reactive. .Group 


Linkage 


10 hydroxyl 


isocyanate 


urethane 


amine 


epoxide 


p-hydroxyamine 


sulfonyl halide 


amine 


sulfonamide 


carboxyl acid 


amine 


amide 


hydroxyl 


alkyl/aryl halide 


ether 


15 aldehyde 


amine/NaCNBH 4 


amine 


ketone 


amine/NaCNBH 4 


amine 


amine 


isocyanate 


urea 



Exemplary linkers include the following linkers identified as X-l through 
X-4 1 8 as set forth below: 



25 
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Representative ligands for use in this invention include, by way of example, 
L-l through L-6 as identified below. 



L-l Compound A 
L-3 Compound C 
L-5 Compound E 



L-2 Compound B 
L-4 Compound D 
L-6 Compound F 
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20 



25 



30 



35 



Combinations of ligands (L) and linkers (X) per this invention include, by 
way example only, homo- and hetero-dimers wherein a first ligand is selected from 
L-l through L-6 above and the second ligand and linker is selected from the 
following: 



40 



L-l/X-1- 

L-l/X-7- 

L-l/X-13- 

L-l/X-19- 

L-l/X-25- 

L-l/X-31- 

L-l/X-37- 

L-l/X-43- 

L-l/X-49- 

L-l/X-55- 

L-l/X-61- 

L-l/X-67- 

L-l/X-73- 

L-l/X-79- 

L-l/X-85- 

L-l/X-91- 

L-l/X-97- 

L-l/X-103- 

L-l/X-109- 

L-l/X-115- 

L-l/X-121- 

L-l/X-127- 

L-l/X-133- 

L-l/X-139- 

L-l/X-145- 

L-l/X-151- 

L-l/X-157- 

L-l/X-163- 



L-l/X-2- 

L-l/X-8- 

L-l/X-14- 

L-l/X-20- 

L-l/X-26- 

L-l/X-32- 

L-l/X-38- 

L-l/X-44- 

L-l/X-50- 

L-l/X-56- 

L-l/X-62- 

L-l/X-68- 

L-l/X-74- 

L-l/X-80- 

L-l/X-86- 

L-l/X-92- 

L-l/X-98- 

L-l/X-104- 

L-l/X-UO- 

L-l/X-116- 

L-l/X-122- 

L-l/X-128- 

L-l/X-134- 

L-l/X-140- 

L-l/X-146- 

L-l/X-152- 

L-l/X-158- 

L-l/X-164- 



L-l/XO- 

L-l/X-9- 

L-l/X-15- 

L-l/X-21- 

L-l/X-27- 

L-l/X-33- 

L-l/X-39- 

L-1/X45- 

L-l/X-51- 

L-l/X-57- 

L-l/X-63- 

L-l/X-69- 

L-l/X-75- 

L-l/X-81- 

L-l/X-87- 

L-l/X-93- 

L-l/X-99- 

L-l/X-105- 

L-l/X-111- 

L-l/X-117- 

L-l/X-123- 

L-l/X-129- 

L-l/X-135- 

L-l/X-141- 

L-l/X-147- 

L-l/X-153- 

L-l/X-159- 

L-l/X-165- 



L-l/X-4- 

L-l/X-10- 

L-l/X-16- 

L-l/X-22- 

L-l/X-28- 

L-l/X-34- 

L-l/X-40- 

L-l/X-46- 

L-l/X-52- 

L-l/X-58- 

L-l/X-64- 

L-l/X-70- 

L-l/X-76- 

L-l/X-82- 

L-l/X-88- 

L-l/X-94- 

L-l/X-100- 

L-l/X-106- 

L-l/X-112- 

L-l/X-118- 

L-l/X-124- 

L-l/X-130- 

L-l/X-136- 

L-l/X-142- 

L-l/X-148- 

L-l/X-154- 

L-l/X-160- 

L-l/X-166- 



L-l/X-5- 

L-l/X-11- 

L-l/X-17- 

L-l/X-23- 

L-l/X-29- 

L-l/X-35- 

L-l/X-41- 

L-l/X-47- 

L-l/X-53- 

L-l/X-59- 

L-l/X-65- 

L-l/X-71- 

L-l/X-77- 

L-l/X-83- 

L-l/X-89- 

L-l/X-95- 

L-l/X-101- 

L-l/X-107- 

L-l/X-113- 

L-l/X-119- 

L-l/X-125- 

L-l/X-131- 

L-l/X-137- 

L-l/X-143- 

L-l/X-149- 

L-l/X-155- 

L-l/X-161- 

L-l/X-167- 



L-l/X-6- . 

L-l/X-12- 

L-l/X-18- 

L-l/X-24- 

L-l/X-30- 

L-l/X-36- 

L-l/X-42- 

L-l/X-48- 

L-l/X-54- 

L-l/X-60- 

L-l/X-66- 

L-l/X-72- 

L-l/X-78- 

L-l/X-84- 

L-l/X-90- 

L-l/X-96- 

L-l/X-102- 

L-l/X-108- 

L-l/X-114- 

L-l/X-120- 

L-l/X-126- 

L-l/X-132- 

L-l/X-138- 

L-l/X-144- 

L-l/X-150- 

L-l/X-156- 

L-l/X-162- 

L-l/X-168- 
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L-l/X-169- 
L-l/X-173- 
L-l/X-179- 
L-l/X-185- 
L-l/X-191- 
L-l/X-197- 
L-l/X-203- 
L-l/X-209- 
L-l/X-215- 
L-l/X-221- 
L-l/X-227- 
L-l/X-233- 
L-l/X-239- 
L-l/X-245- 
L-l/X-251- 
L-l/X-257- 
L-l/X-263- 
L-l/X-269- 
L-l/X-275- 
L-l/X-281- 
L-l/X-287- 
L-l/X-293- 
L-l/X-299- 
L-l/X-305- 
L-l/X-311- 
L-l/X-317- 
L-l/X-323- 
L-l/X-329- 
L-l/X-335- 
L-l/X-341- 
L-l/X-347- 
L-l/X-353- 
L-l/X-359- 
L-l/X-365- 
L-l/X-371- 
L-l/X-377- 
L-l/X-383- 
L-l/X-389- 
L-l/X-395- 
L-l/X-401- 
L-l/X-407- 
L-l/X-413- 

L-2/X-1- 
L-2/X-7- 
L-2/X-13- 



L-l/X-170- 
L-l/X-174- 
L-l/X-180- 
L-l/X-186- 
L-l/X-192- 
L-l/X-198- 
L-l/X-204- 
L-l/X-210- 
L-l/X-216- 
L-l/X-222- 
L-l/X-228- 
L-l/X-234- 
L-l/X-240- 
L-l/X-246- 
L-l/X-252- 
L-l/X-258- 
L-l/X-264- 
L-l/X-270- 
L-l/X-276- 
L-l/X-282- 
L-l/X-288- 
L-l/X-294- 
L-l/X-300- 
L-l/X-306- 
L-l/X-312- 
L-l/X-318- 
L-l/X-324- 
L-l/X-330- 
L-l/X-336- 
L-l/X-342- 
L-l/X-348- 
L-l/X-354- 
L-l/X-360- 
L-l/X-366- 
L-l/X-372- 
L-l/X-378- 
L-l/X-384- 
L-l/X-390- 
L-l/X-396- 
L-l/X-402- 
L-1/X408- 
L-l/X-414- 

L-2/X-2- 
L-2/X-8- 
L-2/X-14- 



L-l/X-171- 
L-l/X-175- 
L-l/X-181- 
L-l/X-187- 
L-l/X-193- 
L-l/X-199- 
L-l/X-205- 
L-t/X-211- 
L-l/X-217- 
L-l/X-223- 
L-l/X-229- 
L-l/X-235- 
L-l/X-241- 
L-l/X-247- 
L-l/X-253- 
L-l/X-259- 
L-l/X-265- 
L-l/X-271- 
L-l/X-277- 
L-l/X-283- 
L-l/X-289- 
L-l/X-295- 
L-l/X-301- 
L-l/X-307- 
L-l/X-313- 
L-l/X-319- 
L-l/X-325- 
L-l/X-331- 
L-l/X-337- 
L-l/X-343- 
L-l/X-349- 
L-l/X-355- 
L-l/X-361- 
L-l/X-367- 
L-l/X-373- 
L-l/X-379- 
L-l/X-385- 
L-l/X-391- 
L-l/X-397- 
L-l/X-403- 
L-l/X-409- 
L-l/X-415- 



L-2/X-3- 
L-2/X-9- 
L-2/X-15- 



L-l/X-172- 
L-l/X-176- 
L-l/X-182- 
L-l/X-188- 
L-l/X-194- 
L-l/X-200- 
L-l/X-206- 
L-l/X-212- 
L-l/X-218- 
L-l/X-224- 
L-l/X-230- 
L-l/X-236- 
L-l/X-242- 
L-l/X-248- 
L-l/X-254- 
L-l/X-260- 
L-l/X-266- 
L-l/X-272- 
L-l/X-278- 
L-l/X-284- 
L-l/X-290- 
L-l/X-296- 
L-l/X-302- 
L-l/X-308- 
L-l/X-314- 
L-l/X-320- 
L-l/X-326- 
L-l/X-332- 
L-l/X-338- 
L-l/X-344- 
L-l/X-350- 
L-l/X-356- 
L-l/X-362- 
L-l/X-368- 
L-l/X-374- 
L-l/X-380- 
L-l/X-386- 
L-l/X-392- 
L-l/X-398- 
L-l/X-404- 
L-l/X-410- 
L-l/X-416- 

L-2/X4- 
L-2/X-10- 
L-2/X-16- 



L-l/X-177- 
L-l/X-183- 
L-l/X-189- 
L-l/X-195- 
L-l/X-201- 
L-l/X-207- 
L-l/X-213- 
L-l/X-219- 
L-l/X-225- 
L-l/X-231- 
L-l/X-237- 
L-l/X-243- 
L-l/X-249- 
L-l/X-255- 
L-l/X-261- 
L-l/X-267- 
L-l/X-273- 
L-l/X-279- 
L-l/X-285- 
L-l/X-291- 
L-l/X-297- 
L-l/X-303- 
L-l/X-309- 
L-l/X-315- 
L-l/X-321- 
L-l/X-327- 
L-l/X-333- 
L-l/X-339- 
L-l/X-345- 
L-l/X-351- 
L-l/X-357- 
L-l/X-363- 
L-l/X-369- 
L-l/X-375- 
L-l/X-381- 
L-l/X-387- 
L-l/X-393- 
. L-1/X.-399- 
L-l/X-405- 
L-l/X-411- 
L-l/X-417. 

L-2/X-5- 
L-2/X-11- 
L-2/X-17- 



L-l/X-178- 
L-l/X-184- 
L-l/X-190- 
L-l/X-196- 
L-l/X-202- 
L-l/X-208- 
L-l/X-214- 
L-l/X-220- 
L-l/X-226- 
L-l/X-232- 
L-l/X-238- 
L-l/X-244- 
L-l/X-250- 
L-l/X-256- 
L-l/X-262- 
L-l/X-268- 
L-l/X-274- 
L-l/X-280- 
L-l/X-286- 
L-l/X-292- 
L-l/X-298- 
L-l/X-304- 
L-l/X-310- 
L-l/X-316- 
L-l/X-322- 
L-l/X-328- 
L-l/X-334- 
L-l/X-340- 
L-l/X-346- 
L-l/X-352- 
L-l/X-358- 
L-l/X-364- 
L-l/X-370- 
L-l/X-376- 
L-l/X-382- 
L-l/X-388- 
L-l/X-394- 
L-l/X-400- 
. L-l/X-406- 
. L-l/X-412- 
. L-l/X-418- 

L-2/X-6- 

L-2/X.-12- 

L-2/X-18- 
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L-2/X-19- L-2/X-20- L-2/X-21- L-2/X-22- L-2/X-23- L-2/X-24- 

L-2/X-25- L-2/X-26- L-2/X-27- L-2/X-28- L-2/X-29- L-2/X-30- 

L-2/X-31- L-2/X-32- L-2/X-33- L-2/X-34- L-2/X- 5- L-2/X-36- 

. L-2/X-37- L-2/X-38- L-2/X-39- L-2/X-40- L-2^-41- L-2/X-42- 

5 L-2/X-43- L-2/X-44- L-2/X-45- L-2/X-46- L-2/X-47- L-2/X-48- 

L-2/X-49- L-2/X-50- L-2/X-51- L-2/X-52- L-2/X- 3- L-2tt-54- 

L-2/X-55- L-2/X-56- L-2/X-57- L-2/X-58- L-2 X-59- L-2«-60- 

L-2/X-61- L-2/X-62- L-2/X-63- L-2/X-64- L-2/X-6 - L-2 X-66- 

L-2/X-67- L-2/X-68- L-2/X-69- L-2/X-70- L-MMl- L-2/X-72- 

10 L-2/X-73- L-2/X-74- L-2/X-75- L-2/X-76- L-2tt-77- L-2«-78- 

L-2/X-79- L-2/X-80- L-2/X-81- L-2/X-82- L- 2*- 83- L-2/X-84- 

L-2/X-85- L-2/X-86- L-2/X-87- L-2/X-88- L-2/X-89- L-2/X-90- 

L-2/X-91- L-2/X-92- L-2/X-93- L-2/X-94- L-2/X-95- L-2/X-96- 

L-2/X-97- L-2/X-98- L-2/X-99- L-2/X-100- L-2/X- 0 - L- X- 02- 

15 L-2/X-103- L-2/X-104- L-2/X-105- L-2/X-106- L-2 X- 0 7- L-2/X- 08- 

L-2/X-109- L-2/X-110- L-2/X-111- L-2/X-112- L-2/X- 3- MK- 14- 

L-2/X-115- L-2/X-116- L-2/X-117- L-2/X- - L-2«- 19- L-2/X- £ 

L-2/X-121- L-2/X-122- L-2/X-123- L-2/X-124- L-2/X- 2 - L-2/X- 26 

L-2/X-127- L-2/X-128- L-2/X-129- L-2/X-1 30- L- /X- 31- L-2^X- 2- 

20 L-2/X-133- L-2/X-134- L-2/X-135- L-2/X- 36- L- 2tt- 7- L-2* M 

t o/v no t 9/Y 140- L-2/X-141- L-2/X-142- L-2/X-143- 

\2£SL S-.47. l»* ™- WOH* 

T 2/X-152- L-2/X-153- L-2/X-154- L-2/X-155- L-2/X-156- 

^-157- L.2/X-159- L-2/X-160- L-2/X461- L-2£l ; 

25 L-2/X-163- L-2/X-164- L-2/X-165- L-2/X-166- L-2/X-167- L-2/X 168 
L-2/X-169- L-2/X-170- L-2/X-171- L-2/X-172- 

L-2/X-173- L-2/X-174- L-2/X-175- L-2/X- 76- L-2/X- 7 - L 2 X 78 

30 S SSS IK Sg £S£ g» 
SSS 5SS L-2/X-211* 5SS £S£ 5- 

L-2/X-215- L-2/X-216- L-2/X-217- L-2/X-21 - L-2/X- 9- L-2 X^ 0 

35 L-2/X-221- L-2/X-222- L-2/X-223- Mtt-224- L-2/X-22 - L-2/X 226 

L-2/X-227- L-2/X-228- L-2/X-229- L- 2/X- 0- L-2/X-2 - L-2/X 2 32 

L-2/X-233- L-2/X-234- L-2/X-235- L-2 X-236- L-2/X-237- L2/X238 

T 2/X-239- L-2/X-240- L-2/X-241- L-2/X-242- L-2/X-243- « « 

L2*-245- L-2 X-246- L-2/X-247- L-2/X-248- L-2/X-249- L-2/X-2 0- 

• 5SS 5SS s s IS 

L-2/X-263- L-2/X-264- L-2/X-265- L-2/X-266- L-2/X-267- L2«2M 

tss tSS £££ tgs s ~ 

« S: £££ £S£ SS£ tSS IS- 
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L-4/X-401- 
L-4/X-407- 
L-4/X-413- 

L-5/X-1- 
L-5/X-7- 
L-5/X-13- 
L-5/X-19- 
L-5/X-25- 
L-5/X-31- 
L-5/X-37- 
L-5/X-43- 
L-5/X-49- 
L-5/X-55- 
L-5/X-61- 
L-5/X-67- 
L-5/X-73- 
L-5/X-79- 
L-5/X-85- 
L-5/X-91- 
L-5/X-97- 
L-5/X-103- 
L-5/X-109- 
L-5/X-115- 
L-5/X-121- 



L-4/X-276- 
L-4/X-282- 
L-4/X-288- 
L-4/X-294- 
L-4/X-300- 
L-4/X-306- 
L-4/X-312- 
L-4/X-318- 
L-4/X-324- 
L-4/X-330- 
L-4/X-336- 
L-4/X-342- 
L-4/X-348- 
L-4/X-354- 
L-4/X-360- 
L-4/X-366- 
L-4/X-372- 
L-4/X-378- 
L-4/X-384- 
L-4/X-390- 
L-4/X-396- 
L-4/X-402- 
L-4/X-408- 
L-4/X-414- 

L-5/X-2- 
L-5/X-8- 
L-5/X-14- 
L-5/X-20- 
L-5/X-26- 
L-5/X-32- 
L-5/X-38- 
L-5/X-44- 
L-5/X-50- 
L-5/X-56- 
L-5/X-62- 
L-5/X-68- 
L-5/X-74- 
L-5/X-80- 
L-5/X-86- 
L-5/X-92- 
L-5/X-98- 
L-5/X-104- 
L-5/X-110- 
L-5/X-116- 
L-5/X-122- 



L-4/X-277- 
L-4/X-283- 
L-4/X-289- 
L-4/X-295- 
L-4/X-301- 
L-4/X-307- 
L-4/X-313- 
L-4/X-319- 
L-4/X-325- 
L-4/X-331- 
L-4/X-337- 
L-4/X-343- 
L-4/X-349- 
L-4/X-355- 
L-4/X-361- 
L-4/X-367- 
L-4/X-373- 
L-4/X-379- 
L-4/X-385- 
L-4/X-391- 
L-4/X-397- 
L-4/X-403- 
L-4/X-409- 
L-4/X-415- 

L-5/X-3- 
L-5/X-9- 
L-5/X-15- 
L-5/X-21- 
L-5/X-27- 
L-5/X-33- 
L-5/X-39- 
L-5/X-45- 
L-5/X-51- 
L-5/X-57- 
L-5/X-63- 
L-5/X-69- 
L-5/X-75- 
L-5/X-81- 
L-5/X-87- 
L-5/X-93- 
L-5/X-99- 
L-5/X-105- 
L-5/X-1U- 
L-5/X-U7- 
L-5/X-123- 



L-4/X-278- 
L-4/X-284- 
L-4/X-290- 
L-4/X-296- 
L-4/X-302- 
L-4/X-308- 
L-4/X-314- 
L-4/X-320- 
L-4/X-326- 
L-4/X-332- 
L-4/X-338- 
L-4/X-344- 
L-4/X-350- 
L-4/X-356- 
L-4/X-362- 
L-4/X-368- 
L-4/X-374- 
L-4/X-380- 
L-4/X-386- 
L-4/X-392- 
L-4/X-398- 
L-4/X-404- 
L-4/X-410- 
L-4/X-416- 

L-5/X-4- 
L-5/X-10- 
L-5/X-16- 
L-5/X-22- 
L-5/X-28- 
L-5/X-34- 
L-5/X-40- 
L-5/X-46- 
L-5/X-52- 
L-5/X-58- 
L-5/X-64- 
L-5/X-70- 
L-5/X-76- 
L-5/X-82- 
L-5/X-88- 
L-5/X-94- 
L-5/X-100- 
. L-5/X-106- 
L-5/X-112- 
L-5/X-118- 
L-5/X-124- 



L-4/X-279- 
L-4/X-285- 
L-4/X-291- 
L-4/X-297- 
L-4/X-303- 
L-4/X-309- 
L-4/X-315- 
L-4/X-321- 
L-4/X-327- 
L-4/X-333- 
L-4/X-339- 
L-4/X-345- 
L-4/X-351- 
L-4/X-357- 
L-4/X-363- 
L-4/X-369- 
L-4/X-375- 
L-4/X-381- 
L-4/X-387- 
L-4/X-393- 
L-4/X-399- 
L-4/X-405- 
L-4/X-411- 
L-4/X-417- 

L-5/X-5- 
L-5/X-U- 
L-5/X-17- 
L-5/X-23- 
L-5/X-29- 
L-5/X-35- 
L-5/X-41- 
L-5/X-47- 
L-5/X-53- 
L-5/X-59- 
L-5/X-65- 
L-5/X-71- 
L-5/X-77- 
L-5/X-83- 
L-5/X-89- 
L-5/X-95- 
L-5/X-101- 
L-5/X-107- 
L-5/X-113- 
L-5/X-119- 
L-5/X-125- 



L-4/X-280- 

L-4/X-286- 

L-4/X-292- 

L-4/X-298- 

L-4/X-304- 

L-4/X-310- 

L-4/X-316- 

L-4/X-322- 

L-4/X-328- 

L-4/X-334- 

L4/X-340- 

L-4/X-346- 

L-4/X-352- 

L-4/X-358- 

L-4/X-364- 

L-4/X-370- 

L-4/X-376- 

L-4/X-382- 

L-4/X-388- 

L-4/X-394- 

L-4/X-400- 

L-4/X-406- 

L-4/X-412- 

L-4/X-418- 

L-5/X-6- 
L-5/X-12- 
L-5/X-18- 
L-5/X-24- 
L-5/X-30- 
L-5/X-36- 
L-5/X-42- 
L-5/X-48- 
L-5/X-54- 
L-5/X-60- 
L-5/X-66- 
L-5/X-72- 
L-5/X-78- 
L-5/X-84- 
L-5/X-90- 
L-5/X-96- 
L-5/X-102- 
L-5/X-108- 
L-5/X-114 
Lz5/X-120 
L-5/X-126 
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L-5/X-127- L-5/X-128- L-5/X-129- L-5/X-130- L-5/X-131- WJX-132- 

L-5/X-133- L-5/X-134- L-5/X-135- L-5/X-136- L-5/X-137- L-5/X- 38- 

L-5/X-139- L-5/X-140- L-5/X-141- L-5/X-142- L-5/X-143- L- 5*- 44- 

L-5/X-145- L-5/X-146- L-5/X-147- L-5/X-148- L-5«- 49- L- S«- 0- 

5 L-5/X-151- L-5/X-152- L-5/X-153- L-5/X-154- L- «- 5 - L- 56- 

L-5/X-157- L-5/X-158- L-5/X-159- L-5/X-160- L- S«- 61- L- 5K- 62- 

L-5/X-163- L-5/X-164- L-5/X-165- L-5/X-166- L-5/X-167- L-5/X-168- 

L-5/X-169- L-5/X-170- L-5/X-171- L-5/X-172- 

L-5/X-173- L-5/X-174- L-5/X-175- L-5/X-176- L-5/X- 77- L- X- 78- 

10 L-5/X-179- L-5/X-180- L-5/X-181- L-5/X-182- L- /X- 3- L-5 X- 84 

L-5/X-185- L-5/X-186- L-5/X-187- L-5/X-188- L- S«- 89- L- X- 90- 

L-5/X-191- L-5/X-192- L-5/X-193- L-5/X-194- L- £-19 - L- 5/X-196- 

L-5/X-197- L-5/X-198- L-5/X-199- L-5/X-200- L- 5/X-20 - L-5£-202- 

L-5/X-203- L-5/X-204- L-5/X-205- L-5/X-206- L-5«-20 - L-VX-208- 

15 L-5/X-209- L-5/X-210- L-5/X-211- L-5/X-212- L-5/X-2 3- L- 5 X-2 4- 

L-5/X-215- L-5/X-216- L-5/X-217- L-5/X-218- L- X-2 9- L-5 X-220- 

L-5/X-221- L-5/X-222- L-5/X-223- L-5/X-224- L- /X-2 25- L- X-226- 

L-5/X-227- L-5/X-228- L-5/X-229- L-5/X-230- W L-5/X-232- 

L-5/X-233- L-5/X-234- L-5/X-235- L-5/X-23 - L-5/X-23 - L-5/X-238- 

20 L-5/X-239- L-5/X-240- L-5/X-241- L-5/X-242- L-5/X-243- L"5«-244- 

20 L-5/X-245- L-5/X-246- L-5/X-247- L-5/X-248- L-5/X-249- .L-5£2 - 
L-5/X-251- L-5/X-252- L-5/X-253- L-5/X-254- L- 5/X-25 - L-5/X-256- 
L-5/X-257- L-5/X-258- L-5/X-259- L-5/X-260- L- 5/X-2 - L- 5/X-262- 
L-5/X-263- L-5/X-264- L-5/X-265- L-5/X-266- L-5/X-2 7- L-5/X-2 8- 

25 L-5/X-269- . L-5/X-270- L-5/X-271- L-5/X-272- L-5 X-273- L-5^274 
L-5/X-275- L-5/X-276- L-5/X-277- L-5/X-27 - L-5/X-27 - L-5 X-280- 
L-5/X-281- L-5/X-282- L-5/X-283- L-5/X- 4- L-5/X- - L-5 X-286- 
L-5/X-287- L-5/X-288- L-5/X-289- Mtt-290- L-5/X- 9 - L- X-292 
L-5/X-293- L-5/X-294- L-5/X-295- L-5 X-296- L-5 X- 9 - L-5/X-298 
30 L-5/X-299- L-5/X-300- L-5/X-301- L-5/X-302- L-5 X- 03 L-5/X-304 
L-5/X-305- L-5/X-306- L-5/X-307- L-5/X-308- .W*** L-5/X-: 0 
L-5/X-3U- L-5/X-312- L-5/X-313- L-5/X-314- L-5/X- 31 - L-5/X-3 6- 
L-5/X-317- L-5/X-318- L-5/X-319- L-5/X- 20- L- 5/X- 32 - L-5 X-322 
L-5/X-323- L-5/X-324- L-5/X-325- L-5/X-326- L- «-327- L-5/X- 28 
35 L-5/X-329- L-5/X-330- L-5/X-331- L-5«-332- L-5/X-3 3- L-5/X-334 
L-5/X-335- L-5/X-336- L-5/X-337- L- «-338- L-5/X- 33 9- L-5 X-340 
L-5/X-341- L-5/X-342- L-5/X-343- L-5«-344- »■ L-5/X346 

\%£ £S£ S iS£ S: S 

40 lS tS- L-5/X-361- L-5/X-362 L-5/X-363- ^3 4 

™- ™: S S ™ 5 : L-S 

S lS-3 7 78- ™- L-5^380 L-5/X-381- L-5^ 
45 S L :S- tS- L-5/X-398- L-5/X-399- L-5/X-400- 
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45 



L-5/X-401- 
L-5/X-407- 
L-5/X-413- 

L-6/X-1- 
L-6/X-7- 
L-6/X-13- 
L-6/X-19- 
L-6/X-25- 
L-6/X-31- 
L-6/X-37- 
L-6/X-43- 
L-6/X-49- 
L-6/X-55- 
L-6/X-61- 
L-6/X-67- 
L-6/X-73- 
L-6/X-79- 
L-6/X-85- 
L-6/X-91- 
L-6/X-97- 
L-6/X-103- 
L-6/X-109- 
L-6/X-115- 
L-6/X-121- 
L-6/X-127- 
L-6/X-133- 
L-6/X-139- 
L-6/X-145- 
L-6/X-151- 
L-6/X-157- 
L-6/X-163- 
L-6/X-169- 
L-6/X-173- 
L-6/X-179- 
L-6/X-185- 
L-6/X-191- 
L-6/X-197- 
L-6/X-203- 
L-6/X-209- 
L-6/X-215- 
L-6/X-221- 
L-6/X-227- 
L-6/X-233- 
L-6/X-239- 
L-6/X-245- 



L-5/X-402- 
L-5/X-408- 
L-5/X-414- 

L-6/X-2- 
L-6/X-8- 
L-6/X-14- 
L-6/X-20- 
L-6/X-26- 
L-6/X-32- 
L-6/X-38- 
L-6/X-44- 
L-6/X-50- 
L-6/X-56- 
L-6/X-62- 
L-6/X-68- 
L-6/X-74- 
L-6/X-80- 
L-6/X-86- 
L-6/X-92- 
L-6/X-98- 
L-6/X-104- 
L-6/X-110- 
L-6/X-116- 
L-6/X-122- 
L-6/X-128- 
L-6/X-134- 
L-6/X-140- 
L-6/X-146- 
L-6/X-152- 
L-6/X-158- 
L-6/X-164- 
L-6/X-170- 
L-6/X-174- 
L-6/X-180- 
L-6/X-186- 
L-6/X-192- 
L-6/X-198- 
L-6/X-204- 
L-6/X-210- 
L-6/X-216- 
L-6/X-222- 
L-6/X-228- 
L-6/X-234- 
L-6/X-240- 
L-6/X-246- 



L-5/X-403- 
L-5/X-409- 
L-5/X-415- 

L-6/X-3- 
L-6/X-9- 
L-6/X-15- 
L-6/X-21- 
L-6/X-27- 
L-6/X-33- 
L-6/X-39- 
L-6/X-45- 
L-6/X-51- 
L-6/X-57- 
L-6/X-63- 
L-6/X-69- 
L-6/X-75- 
L-6/X-81- 
L-6/X-87- 
L-6/X-93- 
L-6/X-99- 
L-6/X-105- 
L-6/X-111- 
L-6/X-117- 
L-6/X-123- 
L-6/X-129- 
L-6/X-135- 
L-6/X-141- 
L-6/X-147- 
L-6/X-153- 
L-6/X-159- 
L-6/X-165- 
L-6/X-171- 
L-6/X-175- 
L-6/X-181- 
L-6/X-187- 
L-6/X-193- 
L-6/X-199- 
L-6/X-205- 
L-6/X-2U- 
L-6/X-217- 
L-6/X-223- 
L-6/X-229- 
L-6/X-235- 
L-6/X-241- 
L-6/X-247- 



L-5/X-404- 
L-5/X410- 
L-5/X-416- 

L-6X-4- 
L-6/X-10- 
L-6/X-16- 
L-6/X-22- 
L-6/X-28- 
L-6/X-34- 
L-6/X-40- 
L-6/X-46- 
L-6/X-52- 
L-6/X-58- 
L-6/X-64- 
L-6/X-70- 
L-6/X-76- 
L-6/X-82- 
L-6/X-88- 
L-6/X-94- 
L-6/X-100- 
L-6/X-106- 
L-6/X-112- 
L-6/X-118- 
L-6/X-124- 
L-6/X-130- 
L-6/X-136- 
L-6/X-142- 
L-6/X-148- 
L-6/X-154- 
L-6/X-160- 
L-6/X-166- 
L-6/X-172- 
L-6/X-176- 
L-6/X-182- 
L-6/X-188- 
L-6/X-194- 
L-6/X-200- 
L-6/X-206- 
L-6/X-212- 
L-6/X-218- 
L-6/X-224- 
L-6/X-230- 
L-6/X-236- 
L-6/X-242- 
L-6/X-248- 



L-5/X-405- 
L-5/X-411- 
L-5/X-417- 

L-6/X-5- 
L-6/X-11- 
L-6/X-17- 
L-6/X-23- 
L-6/X-29- 
L-6/X-35- 
L-6/X-41- 
L-6/X-47- 
L-6/X-53- 
L-6/X-59- 
L-6/X-65- 
L-6/X-71- 
L-6/X-77- 
L-6/X-83- 
L-6/X-89- 
L-6/X-95- 
L-6/X-101- 
L-6/X-107- 
L-6/X-U3- 
L-6/X-119- 
L-6/X-125- 
L-6/X-131- 
L-6/X-137- 
L-6/X-143- 
L-6/X-149- 
L-6/X-155- 
L-6/X-161- 
L-6/X-167- 

L-6/X-177- 
L-6/X-183- 
L-6/X-189- 
L-6/X-195- 
L-6/X-201- 
L-6/X-207- 
L-6/X-213- 
L-6/X-219- 
L-6/X-225- 
L-6/X-231- 
L-6/X-237- 
L-6/X-243- 
L-6/X-249- 



L-5/X-406- 
L-5/X-412- 
L-5/X-418- 

L-6/X-6- 

L-6/X-12- 

L-6/X-18- 

L-6/X-24- 

L-6/X-30- 

L-6/X-36- 

L-6/X-42-. 

L-6/X-48- 

L-6/X-54- 

L-6/X-60- 

L-6/X-66- 

L-6/X-72- 

L-6/X-78- 

L-6/X-84- 

L-6/X-90- 

L-6/X-96- 

L-6/X-102- 

L-6/X-108- 

L-6/X-114- 

L-6/X-120- 

L-6/X-126- 

L-6/X-132- 

L-6/X-138- 

L-6/X-144- 

L-6/X-150- 

L-6/X-156- 

L-6/X-162- 

L-6/X-168- 

L-6/X-178- 

L-6/X-184- 

L-6/X-190- 

L-6/X-196- 

L-6/X-202- 

L-6/X-208- 

L-6/X-214- 

L-6/X-220- 

L-6/X-226- 

L-6/X-232- 

L-6/X-238- 

L-6/X-244- 

L-6/X-250- 
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L-6/X-251- 

L-6/X-257- 

L-6/X-263- 

L-6/X-269- 

L-6/X-275- 

L-6/X-281- 

L-6/X-287- 

L-6/X-293- 

L-6/X-299- 

L-6/X-305- 

L-6/X-311- 

L-6/X-317- 

L-6/X-323- 

L-6/X-329- 

L-6/X-335- 

L-6/X-341- 

L-6/X-347- 

L-6/X-353- 

L-6/X-359- 

L-6/X-365- 

L-6/X-371- 

L-6/X-377- 

L-6/X-383- 

L-6/X-389- 

L-6/X-395- 

L-6/X-401- 

L-6/X-407- 

L-6/X-413- 



L-6/X-252- 

L-6/X-258- 

L-6/X-264- 

L-6/X-270- 

L-6/X-276- 

L-6/X-282- 

L-6/X-288- 

L-6/X-294- 

L-6/X-300- 

L-6/X-306- 

L-6/X-312- 

L-6/X-318- 

L-6/X-324- 

L-6/X-330- 

L-6/X-336- 

L-6/X-342- 

L-6/X-348- 

L-6/X-354- 

L-6/X-360- 

L-6/X-366- 

L-6/X-372- 

L-6/X-378- 

L-6/X-384- 

L-6/X-390- 

L-6/X-396- 

L-6/X-402- 

L-6/X-408- 

L-6/X-414- 



L-6/X-253- 

L-6/X-259- 

L-6/X-265- 

L-6/X-271- 

L-6/X-277- 

L-6/X-283- 

L-6/X-289- 

L-6/X-295- 

L-6/X-301- 

L-6/X-307- 

L-6/X-313- 

L-6/X-319- 

L-6/X-325- 

L-6/X-331- 

L-6/X-337- 

L-6/X-343- 

L-6/X-349- 

L-6/X-355- 

L-6/X-361- 

L-6/X-367- 

L-6/X-373- 

L-6/X-379- 

L-6/X-385- 

L-6/X-391- 

L-6/X-397- 

L-6/X-403- 

L-6/X-409- 

L-6/X-415- 



L-6/X-254- 

L-6/X-260-. 

L-6/X-266- 

L-6/X-272- 

L-6/X-278- 

L-6/X-284- 

L-6/X-290- 

L-6/X-296- 

L-6/X-302- 

L-6/X-308- 

L-6/X-314- 

L-6/X-320- 

L-6/X-326- 

L-6/X-332- 

L-6/X-338- 

L-6/X-344- 

L-6/X-350- 

L-6/X-356- 

L-6/X-362- 

L-6/X-368- 

L-6/X-374- 

L-6/X-380- 

L-6/X-386- 

L-6/X-392- 

L-6/X-398- 

L-6/X-404- 

L-6/X-410- 

L-6/X-416- 



L-6/X-255- 

L-6/X-261- 

L-6/X-267- 

L-6/X-273- 

L-6/X-279- 

L-6/X-285- 

L-6/X-291- 

L-6/X-297- 

L-6/X-303- 

L-6/X-309- 

L-6/X-315- 

L-6/X-321- 

L-6/X-327- 

L-6/X-333- 

L-6/X-339- 

L-6/X-345- 

L-6/X-351- 

L-6/X-357- 

L-6/X-363- 

L-6/X-369- 

L-6/X-375- 

L-6/X-381- 

L-6/X-387- 

L-6/X-393- 

L-6/X-399- 

L-6/X-405- 

L-6/X-411- 

L-6/X-417- 



L-6/X-256- 

L-6/X-262- 

L-6/X-268- 

L-6/X-274- 

L-6/X-280- 

L-6/X-286- 

L-6/X-292- 

L-6/X-298- 

L-6/X-304- 

L-6/X-310- 

L-6/X-316- 

L-6/X-322- 

L-6/X-328- 

L-6/X-334- 

L-6/X-340- 

L-6/X-346- 

L-6/X-352- 

L-6/X-358- 

L-6/X-364- 

L-6/X-370- 

L-6/X-376- 

L-6/X-382- 

L-6/X-388- 

L-6/X-394- 

L-6/X-400- 

L-6/X-406- 

L-6/X-412- 

L-6/X-418- 



40 



In addition to the combinatorial aspects of this invention, there is also 
provided an iterative process for rationally evaluating what molecular constraints 
impart multibinding properties to a class of multimeric macromolecular 
compounds or ligands targeting a macromolecular receptor. Specifically, this 
method aspect is directed to a method for identifying multimeric macromolecular 
ligand compounds possessing multibinding properties which method comprises: 
(a) preparing a first collection or iteration of multimeric compounds 
which is prepared by contacting at least two stoichiometric equivalents of a 
macromolecular ligand or mixture of ligands which target a receptor with a linker 
or mixture of linkers wherein said ligand ormixture of ligands comprises at least . 
s reactive functionality and said linker or mixture of linkers comprises at least 



onei 
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two functional groups having complementary reactivity to at least one of the 
reactive functional groups of the ligand wherein said contacting is conducted under 
conditions wherein the complementary functional groups react to form a covalent 
linkage between said linker and at least two of said ligands; 
5 (b) assaying said first collection or iteration of multimeric compounds 

to assess which if any of said multimeric compounds possess multibinding 
properties; 

(c) repeating the process of (a) and (b) above until at least one 
multimeric compound is found to possess multibinding properties; 
1 o (d) evaluating what molecular constraints imparted multibinding 

properties to the multimeric compound or compounds found in the first iteration 
recited in (a)- (c) above; 

(e) creating a second collection or iteration of multimeric compounds 
which elaborate upon the particular molecular constraints imparting multibinding 

1 5 properties to the multimeric compound or compounds found in said first iteration; 

(f) evaluating what molecular constraints imparted enhanced 
multibinding properties to the multimeric compound or compounds found in the 
second collection or iteration recited in (e) above; 

(g) optionally repeating steps (e) and (f) to further elaborate upon said 
20 molecular constraints. 

Preferably, steps (e) and (f) are repeated at least two times and more 
preferably from 2 to 50 times, even more preferably from 3 to 50 times and still 
more preferably form 5 to 10 times. 

25 This iterative process can employ collections of multimeric compounds 

which are prepared either by conventional sequential synthesis (a synthetic process 
involving a number of steps to provide a single compound which is then repeated 
with appropriate alteration in use of reagents or process conditions to provide a 
second compound and wherein the repetition occurs n times to provide for n 

30 multimeric compounds) or by combinatorial synthesis to provide a multiplicity of 
compounds from a single synthetic pathway. In either event, in the first iteration, 
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the ligands and linkers employed and the type and position of the reactive 
functional groups thereon are selected to provide a diverse collection of multiraeric 
compounds thereby providing maximal information regarding those molecular 
constraints imparting multibinding properties. Subsequent iterations fine tune the 
5 constraints until a final "lead compound" is prepared. 

pharmar.Riitir.al Formulations 

When employed as pharmaceuticals, the compounds of formula I are 
usually administered in the form of pharmaceutical compositions. These 
10 compounds can be administered by a variety of routes including oral, rectal, 
transdermal, subcutaneous, intravenous, intramuscular, and intranasal. These 
compounds are effective as both injectable and oral compositions. Such 
compositions are prepared in a manner well known in the pharmaceutical art and 
comprise at least one active compound. 

15 

This invention also includes pharmaceutical compositions which contain, 
as the active ingredient, one or more of the compounds described herein associated 
with pharmaceutically acceptable carriers. In making the compositions of this 
invention, the active ingredient is usually mixed with an excipient, diluted by an 

20 excipient or enclosed within such a carrier which can.be in the form of a capsule, 
sachet, paper or other container. When the excipient serves as a diluent, it can be a 
solid, semi-solid! or liquid material, which acts as a vehicle, carrier or medium for 
the active ingredient. Thus, the compositions can be in the form of tablets, pills, 
powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, solutions, 

25 syrups, aerosols (as a solid or in a liquid medium), ointments containing, for 
example, up to 10% by weight of the active compound, soft and hard gelatin 
capsules, suppositories, sterile injectable solutions, and sterile packaged powders. 

In preparing a formulation, it may be necessary to mill the active 
30 compound to provide the appropriate particle size prior to combining with the 

other ingredients. If the active compound is substantially insoluble, it ordinarily is 
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milled to a particle size of less than 200 mesh. If the active compound is 
substantially water soluble, the particle size is normally adjusted by milling to 
provide a substantially uniform distribution in the formulation, e.g. about 40 mesh. 

5 Some examples of suitable excipients include lactose, dextrose, sucrose, 

sorbitol, mannitol, starches, gum acacia, calcium phosphate, alginates, tragacanth, 
gelatin, calcium silicate, micro-crystalline cellulose, polyvinylpyrrolidone, 
cellulose, sterile water, syrup, and methyl cellulose. The formulations can 
additionally include: lubricating agents such as talc, magnesium stearate, and 

10 mineral oil; wetting agents; emulsifying and suspending agents; preserving agents 
such as methyl- and propylhydroxy-benzoates; sweetening agents; and flavoring 
agents. The compositions of the invention can be formulated so as to provide 
quick, sustained or delayed release of the active ingredient after administration to 
the patient by employing procedures known in the art. 

15 

The compositions are preferably formulated in a unit dosage form, each 
dosage containing from about 0.001 to about 1 g, more usually about 1 to about 30 
mg, of the active ingredient. The term "unit dosage forms" refers to physically 
discrete units suitable as unitary dosages for human subjects and other mammals, 

20 each unit containing a predetermined quantity of active material calculated to 
produce the desired therapeutic effect, in association with a suitable 
pharmaceutical excipient. Preferably, the compound of formula I above is 
employed at no more than about 20 weight percent of the pharmaceutical 
composition, more preferably no more than about 1 5 weight percent, with the 

25 balance being pharmaceutical^ inert carriers). 

The active compound is effective over a wide dosage range and is generally 
administered in a pharmaceutical^ effective amount. It, will be understood, 
however, that the amount of the compound actually administered will be 
30 determined by a physician, in the light of the relevant circumstances, including the 
condition to be treated, the chosen route of administration, the actual compound 
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administered and its relative activity, the age, weight, and response of the 
individual patient, the severity of the patient's symptoms, and the like. 

For preparing solid compositions such as tablets, the principal active 
5 ingredient is mixed with a pharmaceutical excipient to form a solid preformulation 
composition containing a homogeneous mixture of a compound of the present 
invention. When referring to these preformulation compositions as homogeneous, 
it is meant that the active ingredient is dispersed evenly throughout the 
composition so that the composition may be readily subdivided into equally 
10 effective unit dosage forms such as tablets, pills and capsules. This solid 

preformulation is then subdivided into unit dosage forms of the type described 
above containing from, for example, 0.1 to about 500 mg of the active ingredient 
of the present invention. 



15 



The tablets or pills of the present invention may be coated or otherwise 
compounded to provide a dosage form affording the advantage of prolonged 
action. For example, the tablet or pill can comprise an inner dosage and an outer 
dosage component, the latter being in the form of an envelope over the former. 
The two components can be separated by an enteric layer which serves to resist 
20 disintegration in the stomach and permit the inner component to pass intact into the 
duodenum or to be delayed in release. A variety of materials can be used for such 
enteric layers or coatings, such materials including a number of polymeric acids 
and mixtures of polymeric acids with such materials as shellac, cetyl alcohol, and 
cellulose acetate. 

25 

The liquid forms in which the novel compositions of the present invention 
may be incorporated for administration orally or by injection include aqueous 
solutions, suitably flavored syrups, aqueous or oil suspensions, and flavored 
emulsions with edible oils such as com oil, cottonseed oil, sesame oil, coconut on, 
30 orpeanutoil,aswellaseUxirsandsimilarpharmaceuticalvehicles. _ . 
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Compositions for inhalation or insufflation include solutions and 
suspensions in pharmaceutical^ acceptable, aqueous or organic solvents, or 
mixtures thereof, and powders. The liquid or solid compositions may contain 
suitable pharmaceutical^ acceptable excipients as described supra. Preferably the 

5 compositions are administered by the oral or nasal respiratory route for local or 
systemic effect. Compositions in preferably pharmaceutically acceptable solvents 
may be nebulized by use of inert gases. Nebulized solutions may be inhaled 
directly from the nebulizing device or the nebulizing device may be attached to a 
face mask tent, or intermittent positive pressure breathing machine. Solution, 

10 suspension, or powder compositions may be administered, preferably orally or 
nasally, from devices which deliver the formulation in an appropriate manner. 

The following formulation examples illustrate representative 
pharmaceutical compositions of the present invention. 



15 



T7 0 TT niT lation E xample 1 
Hard gelatin capsules containing the following ingredients are prepared: 



20 



Tngredient 



Quantity 
(mg/capsule) 



Active Ingredient 
Starch 

Magnesium stearate 



30.0 

305.0 

5.0 



25 



The above ingredients are mixed and filled into hard gelatin capsules in 



mg quantities. 



30 



Eormulatififl Sample 2 
A tablet formula is prepared using the ingredients below: 
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Quantity 

Ingredient (mg/Iahlsl) 

Active Ingredient 25.0 

5 Cellulose, microcrystalline 200.0 

Colloidal silicon dioxide 10 0 

Stearic acid 5 -° 

The components are blended and compressed to form tablets, each 
10 weighing 240 mg. 

Fonmilptinn Example 3 
A dry powder inhaler formulation is prepared containing the following 
components: 



15 



20 



Ingredient )M&t% 

Active Ingredient 5 
Lactose 95 

The active ingredient is mixed with the lactose and the mixture is added to 

a dry powder inhaling appliance. 



FmTnul^" Example 4 
25 Tablets, each containing 30 mg of active ingredient, are prepared i 

follows: 

Quantity 

In gredient (mg/lahki) 

30 Active Ingredient 30.0 mg 

Starch 45 - 0m S 

Microcrystalline cellulose 35 -° m B 
Polyvinylpyrrolidone 

(as 10% solution in sterile water) 4.0 mg 

35 Sodium carboxymethyl starch 45 m 8 

Magnesium stearate °' 5 m S 

Talc -U** 

Total 120 m * 
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The active ingredient, starch and cellulose are passed through a No. 20 
mesh U.S. sieve and mixed thoroughly. The solution of polyvinylpyrrolidone is 
mixed with the resultant powders, which are then passed through a 16 mesh U.S. 
sieve. The granules so produced are dried at 50° to 60°C and passed through a 16 
5 mesh U.S. sieve. The sodium carboxymethyl starch, magnesium stearate, and talc, 
previously passed through a No. 30 mesh U.S. sieve, are then added to the granules 
which, after mixing, are compressed on a tablet machine to yield tablets each 
weighing 120 mg. 

10 Formulation Fvample 5 

Capsules, each containing 40 mg of medicament are made as follows: 

Quantity 

15 Active hgrcdien. «j£ 

Starch 

Magnesium stearate - ! ; Umg 
Total 15a0mg 

20 The active ingredient, starch, and magnesium stearate are blended, passed 

through a No. 20 mesh U.S. sieve, and filled into hard gelatin capsules in 1 50 mg 
quantities. 



25 



Formulation Example 6 
Suppositories, each containing 25 mg of active ingredient are made as 
follows: 

Amount 



Ingredient 

Active Ingr 1f , mffl0 

Saturated fatty acid glycerides to ^ w m & 



30 Active Ingredient 25 mg 



The active ingredient is passed through a No. 60 mesh U.S. sieve and 
35 suspended in the saturated fatty acid glycerides previously melted using the . 
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minimum heat necessary. The mixture is then poured into a suppository mold of 
nominal 2.0 g capacity and allowed to cool. 

Formulation E xample 7 
5 Suspensions, each containing 50 mg of medicament per 5.0 mL dose are 

made as follows: 

Ingredient Amount 

10 Active Ingredient 500 m 8 

Xanthan gum 40 m g 
Sodium carboxymethyl cellulose (1 1%) . 

Microcrystalline cellulose (89%) 50.0 mg 

Sucrose \»75 ^ 

15 Sodium benzoate 100 m & 

Flavor and Color c l- v - 
Purified water to 5 - 0mL 

20 The active ingredient, sucrose and xanthan gum are blended, passed through 

a No. 10 mesh U.S. sieve, and then mixed with a previously made solution of the 
microcrystalline cellulose and sodium carboxymethyl cellulose in water. The 
sodium benzoate, flavor, and color are diluted with some of the water and added 
with stirring. Sufficient water is then added to produce the required volume. 



25 

Frnninlatip" Example 8 
A formulation may be prepared as follows: 

Quantity 

30 Ingredient 

Active Ingredient ^ 
Starch 



35 Magnesium stearate 

Total 



3 0mg 
425.0 mg 
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The active ingredient, starch, and magnesium stearate are blended, passed 
through a No. 20 mesh U.S. sieve, and filled into hard gelatin capsules in 425.0 mg 
quantities. 



Fnrmiila^rp Example 9 
A formulation may be prepared as follows: 
Ingredient 



Quantity 



Active Ingredient 5 - 0 m f 

_ 1.0 mL 

10 Corn Oil 



f on r>n1atinn Example 1Q 
A topical formulation may be prepared as follows: 

15 , . t Quantity 

Ingredient ll0 

Active Ingredient 5 
Emulsifying Wax * 

Liquid Paraffin to 100 e 
20 White Soft Paraffin 

The white soft paraffin is heated until molten. The liquid paraffin and 
emulsifying wax are incorporated and stirred until dissolved. The active ingredient 
is added and stirring is continued until dispersed. The mixture is then cooled until 
25 solid. 

Another preferred formulation employed in the methods of the present 
invention employs transdermal delivery devices ("patches"). Such transdermal 
patches may be used to provide continuous or discontinuous infusion of the 
30 compounds of the present invention in controlled amounts. The construction and 
use of transdermal patches for the delivery of pharmaceutical agents is well known 
in the art. Sufr. U.S. Patent 5,023,252, issued June 11, 1991, herein 
incorporated by reference. Such patches may be constructed for continuous, 
pulsatile, or on demand delivery of pharmaceutical agents. . . 



WO 99/64036 PCT/US99/11806 

-133- 

Other suitable formulations for use in the present invention can be found in 
Remington's Pharmaceutical Sciences, Mace Publishing Company, Philadelphia, 
PA, 17th ed. (1985). 

5 Utility 

In one embodiment, the multibinding compounds of this invention are useful 
in binding to macromolecular structures of cells or microorganisms such as fungi, 
bacteria, viruses, etc. either in vitro or in vivo. Accordingly, the compounds of this 
invention can be used to ameliorate pathologic conditions associated with such 
10 cells or microorganisms. When bound to the targeted structure component, the 
ligands of the multibinding compounds modulate or disrupt the biological 
process/function of cells which, in some cases, can result in targeted cell death. 
Such modulation or disruption mediates disease conditions associated with these 
cells. 

15 

When used in treating or ameliorating such conditions, the compounds of 
this invention are typically delivered to a patient in nee4 of such treatment by a 
pharmaceutical composition comprising a pharmaceutically acceptable diluent and 
an effective amount of at least one compound of this invention. The amount of 

20 compound administered to the patient will vary depending upon what compound 
and/or composition is being administered, the purpose of the administration, such 
as prophylaxis or therapy, the state of the patient, the manner of administration, 
and the like. In therapeutic applications, compositions are administered to a 
patient already suffering from an infection in an amount sufficient to at least 

25 partially arrest further onset of the symptoms of the disease and its complications. 
Amounts effective for this use will depend on the judgment of the attending 
clinician depending upon factors such as the degree or severity of the infection in 
the patient, the age, weight and general condition of the patient, and the like. 
Such pharmaceutical compositions may contain more than one compound of the 
30 present invention. _ . 



WO 99/64036 



PCIYUS99/11806 



-134- 

As noted above, the compounds administered to a patient are in the form of 
pharmaceutical compositions described above which can be administered by a 
variety of routes including oral, rectal, transdermal, subcutaneous, intravenous, 
intramuscular, etc.. These compounds are effective as both injectable and oral 
5 deliverable pharmaceutical compositions. Such compositions are prepared in a 
manner well known in the pharmaceutical art and comprise at least one active 
compound. 

The multibinding compounds of this invention can also be administered in 
10 the form of pro-drugs, i.e., as derivatives which are converted into a biologically 
active compound of formula I in vivo. Such pro-drugs will typically include 
compounds of formula I in which, for example, a carboxylic acid group, a hydroxyl 
group or a thiol group is converted to a biologically liable group, such as an ester 
or thioester group which will hydrolyze in vivo to reinstate the respective group. 

15 

The multibinding compounds of this invention have further utility as 
diagnostic agents, research tools, and for various uses in vitro. They are also 
useful for treating diseases related to animal health, including avian uses, as 
insecticides, as fungicides (include agricultural fungicides). Additionally, these 
20 compounds are also useful as affinity resins in affinity chromatography. 

The following synthetic and biological examples are offered to illustrate this 
invention and are not to be construed in any way as limiting the scope of this 
invention. Unless otherwise stated, all temperatures are in degrees Celsius. 



25 



EXAMPLES 

In the examples below, the following abbreviations have the following 
meanings. If an abbreviation is not defined, it has its generally accepted meaning. 



30 
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10 



15 



20 



25 



A 

cm 

DCC 

DMA 

DMF 

DMSO 

DPPA 

g 

HBTU 
HPLC 

Hunig's base 

MFC 

mg 

MIC 

min 

mL 

mm 

mmol 

N 

PyBOP 

f-BOC 
TFA 
THF 
ML 

yum 



Angstroms 
centimeter 

dicyclohexyl carbodiimide 

AT^-dimethylacetamide 

A^-dimethylformamide 

dimethylsulfoxide 

diphenylphosphoryl azide 

gram 

1 -hydroxybenzotrizole 

high performance liquid chromatography 

diisopropylethylamine 

minimum fungicidal concentration 

milligram 

minimum inhibitory concentration 

minute 

milliliter 

millimeter 

millimol 

normal 

pyridine benzotriazol- 1 -yloxy-tris(dimethyl- 

amino)phosphonium hexafluorophosphate 

tert-butyloxycarbonyl 

trifluoroacetic acid 

tetrahydrofuran 

microliters 

microns 



Examples 1 - 6 are given as representative examples of methods for 
30 preparing the linkers. 



EXAMPLE 1 
Separ ation of [C=C] Compounds of Formula I 
(D Ereparation o£ a Q ™ t™™i oOommla (3) in which m is ? and n is 3 
35 To a solution of terf-butyl AK2- aminoethyl)carbamate (2.3g, 14.4 mmol) 

and MMsopropylethylamine (2.5 mL, 14.3 mmol) in 15 mL methylene chloride 
at 0°C was added dropwise glutaryl dichloride (0.6 mL, 4.7 mmol) in 15 mL 
methylene chloride. The resulting mixture was allowed to warm to room 
temperature with stirring while adding water (15 mL). The methylene chloride 
40 was removed under reduced pressure and more water was added (30 mL). The 
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resulting suspension was filtered and washed sequentially with 10% potassium 
hydrogen sulfate, water, saturated sodium bicarbonate, and water. Thesohdwas 
dnedunder vacuum yielding 1.3 g(3.1 m m ol,66%)ofpentanedioicacidb 1 s-[(2-t- 
butoxycarbonylaminoethyl)amide], a compound of formula (3). 

Similarly, varying the composition of m and n, other compounds of formula 
(3) can be prepared. 

n n^ntir-r.r .^ofFonmJUto^bktmJ^i^ 

Pentanedioic acid bis-[(2-t-b» 1 oxycaAonylan,in M *yl)amide], a compound 
„ff„rn,uU(3)(1.3g,3.i™l)wa S »»ap.nd e d,nlSmLn,e«hylenech l .nde. 15 
niofttilluoroacatic acid was added at room temparamragivrngCw.* 
^essence) a aoWon that « athred for 40 minutes, tan evaporated in « 
The residue was dissolved in methanol and treated with 3 mL of 4 N hydrogen 
chloride in dioxan. followed by diethyl ether, giving a gum. The liquids were 
deeanted and fine gum dried under vacuum yielding 1.0 g<3.4mmol).r 
pentanedioic acid bis.[(2.aminoe.hyl)»mide], a compound of formula (4). 

Simil.r.y.varyingmandn.otheroompoundaoffonnnUldJeanbe prepared. 

n) ptrpara'i^of-ttomiMMdjiaMmiilhJ 

A, m om tentperature, a cartoxyl chaining ligand («.g, amphotencm) (2.3 
«*> k dissolved in 36 mL of DMSO. To mis solution is added penlanediotc 
xii bis .[,2.»no=my.)amide), acnmponndof formu.a(4) ,1.0 g. 3.4mmol) 
5 suspended in 21 mL DMF followed by addition tf*6«*- 
nO. ,3.8 mmol). The maulting suepansion is alined a. room lemporahn. for 
aevemlhouxsuntilttiemoatlysoboble. rhenasoluhonofPyBOPfUg, 1 
iranol)m dl-hydmxybe K otna B) ,«,310mg,2.3mmol, i n9mLDM F ,saddod 
^idlydropwiae.Tltentixhamisshned^m.enapetamraforlhnutand.hen 

.Med dropwise . 600 mL of aco.om.rile, giving aprecipiute thai ta ftltereA 
^tod wilhacelonitril. .then diethyl ether, and driedu.de, vacuum. The ctude 
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product is purified by reverse phase HPLC (50 minute 2-30% acetonitrile in water 
containing 0.1% trifluoroacetic acid to yield [C]-pentanedioic acid (2- 
aminoethyl)amide) ligand and [C-C]-pentanedioic acidbis-[(2-aminoethyl)amide]- 
bis-(ligand), a compound of Formula 1 as their respective trifluoroacetic acid salts. 

5 

( 4) Preparation nf nther Com pfl 1 ""^ QfJEomiUla 1 

Similarly, following the procedures of Example 1, steps 1-3, other 
compounds of Formula I can be prepared. 

10 EXAMPLE 2 

Alternative Preparation of [C-C] Compounds of Formula I 

(1 ) Preparation nf a Compo u nd nf Formula (7\ in which m is 2 

At room temperature a carboxyl containing ligand for a macromolecular 
structure containing a carboxyl group such as amantin (4.7 mmol) is dissolved in 
15 75 mL of DMSO. To this solution is added N.N-diisopropylethylamine (4.1 mL, 
23.5 mmol) followed by 9-fluorenylmethylN-(2-aminoethyl)carbamate 
hydrochloride (1.8 g, 5.6 mmol). To the resulting solution at room temperature is 
added rapidly dropwise a solution of PyBOP (2.7 g, 5.2 mmol) and 1- 
hydroxybenzotriazole (630mg, 4.7mmol) in 75mL l,3-dimethyl-3 ,4,5,6-tetrahydro- 
20 2(lH)-pyrimidinone. The resulting solution is stirred at room temperature for 2 
hours, then poured into 800 mL diethyl ether, giving a gum. The diethyl ether is 
decanted and the gum is washed with additional diethyl ether to give a compound 
of formula (7). 

25 (2) P rrT arati " n nf a C n inr"""d af-Eommla (8) in which m is 2 

The gum of formula (7) is then taken up in 40 mL of DMF, to which 10 mL 
of piperidine is added and the solution left to stand at room temperature for 20 
minutes. The solution is then added dropwise to 450 mL of acetonitrile giving a 
precipitate. Centrifugation is followed by decantation of the acetonitrile and the 
30 residue washed twice with 450 mL of acetonitrile, once with 450 mL of diethyl 
ether and air dried. The residue is taken up in water, acidified to pH<5 with a 
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small amount of 3 N hydrochloric acid and purified by reverse-phase HPLC using 
a gradient of 2-30% acetonitrile in water containing 0.1% trifluoroacetic acid 
yielding a compound of formula (8). 

5 (3) Prpparatinn nf a Compound nf Formula I 

Compound (8) (400 mg, 220 mmol) and glutaric acid (10 mg, 76 mmol) are 
dissolved in 5 ml DMF and N,N-diisopropylethylamine (140 mL, 800 mmol) 
followed by addition of PyBOP (83mg, 160 mmol) and 1-hydroxybenzotriazole 
(lOmg, 74 mmol) in 500 mL DMF. The reaction is stirred for 75 minutes at room 

10 temperature then an additional 20 mg of PyBOP is added. 75 minutes later the 

solution is dripped into 45 mL acetonitrile. The resulting precipitate is collected by 
centrifugation, washed with ether, air dried and purified by reverse-phase HPLC 
(50 min 2-30% acetonitrile in water containing 0.1%trifluoroacetic acid, elutes at 
33 min) to give a compound of Formula I as its trifluoroacetic salt. 

15 

(4) Pre paration of other Compounds of Formula I 

Accordingly, following the procedures of Example 2, steps 1 -3, other [C-C] 
compounds of Formula I can be prepared. 

20 EXAMPLE 3 

Preparation of a [C-V] Compound of Formula I in which Position C is Substituted 

p r^ti™ nf a C ompound of Formula (22) in which m and n arc both 2. 
To a solution of an amino containing ligand (26.8 mmol) in DMF (2.0 mL) i 
25 added a compound of the formula: 



Ligand-C(0)NHCH 2 CH 2 NHC(0)CH 2 CH 2 C(0) 2 Fm 

(Fm refers to Fluorenylmethyl ester) (26.8 mmol), followed by PyBOP (20.9 rag, 
40.2 mmol), HOBt (5.40 mg, 40.2 mmol), and Hunig's base (23.3 mL, 134 mmol). 
30 The reaction solution is stirred for 1 hour and then added dropwise to 20mL of 
acetonitrile giving a precipitate, which was collected by centrifugation. The crude 
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precipitate is dried in air, yielding a compound of formula (22). The compound is 
used in the next step without further purification. 



5 (2) Er s aaratiop o£a Com pound oEEonnula m\ in whirh m and n m both 2 

The compound of formula (22) is dissolved in 1 mL of DMF, and 100 mL of 
piperidine is added to the solution. The solution is allowed to stand at room 
temperature for 30 minutes, following the course of the reaction by mass 
spectroscopy. The reaction solution is then added dropwise to 20 mL of 

10 acetonitrile, giving a precipitate that is collected by centrifugation. The precipitate 
is purified by reverse phase HPLC on a Ranin CI 8 Dynamax column (2.5 cm x 25 
cm, 8 mm particle size), at 10 mL/min flow rate using 0.045% TFA in water as 
buffer A and 0.045% TFA in acetonitrile as buffer B (HPLC gradient of 2-50% 
Buffer B over 90 minutes). The desired product is identified by mass spectroscopy 

15 using an API 300 electrospray mass spectrometer and afterwards lyophilized to a 
white powder to afford compound (23) as a white powder. 

Prrpara t'™ 1 nf a O mpftl"^ "f Formula I 

The compound of formula (23) prepared above (4.80 mmol) is dissolved in 
20 500 mL of DMF. A ligand for a macromolecular structure having a free amino 
group, such as a ligand of formula (17) (4.80 mmol ) is added to the solution, 
followed by PyBOP (2.50 mg, 4.8 umol), HOBt ( 0.65 mg, 4.80 mmol) and 
Hunig's base (6.70 mL, 38.4 mmol). The reaction solution is added dropwise to 
20mL of acetonitrile, giving a precipitate that is collected by centrifugation. The 
25 precipitate is purified by reverse phase HPLC on a Ranin CIS Dynamax column 
(2.5 cm x 25 cm, 8 mm particle size), at 10 mL/min flow rate using 0.045% TFA 
in water as buffer A and 0.045% TFA in acetonitrile as buffer B (HPLC gradient of 
2-50% B over 90 minutes). The desired product is identified by mass spectroscopy 
using an API 300 electrospray mass spectrometer. 

30 
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EXAMPLE4 

preparation of a [<"-N] Compound of Formula I 

(D p roration o f a rnmpnnnd of Formula f24) in which m is 2 

A ligand having both primary and secondary amines such as those found in 

5 Figure 8 (2.60mmol) is suspended in 40 mL of 1 ,3-dimethyl-3,4,5,6-tetrahydro-2- 
(lH)-pyrimidinone and heated to 70°C for 15 minutes. N-(9- 
fluorenylmethoxycarbonyD-aminoacetaldehyde (720 mg, 2.6 mmol) is added and 
the mixture is heated at 70°C for one hour. Sodium cyanoborohydride (160 mg, 
2.5 mmol) in 2 mL methanol is added and the mixture is heated at 70°C for 2 

10 hours, then cooled to room temperature. The reaction solution is added dropwise 
to 20mL of acetonitrile, giving a precipitate that is collected by centrifugation. The 
precipitate is purified by reverse phase HPLC on a Ranin CIS Dynamax column 
(2.5 cm x 25 cm, 8 mm particle size), at 10 mL/min flow rate using 0.045% TFA 
in water as buffer A and 0.045% TFA in acetonitrile as buffer B (HPLC gradient of 

15 10-70% B over 90 minutes), which yielded a compound of formula (24) as its 
trifluoroacetate salt. 

(2) p rf pa r^n of a rn m p ^i H Formula (25) in which m is 7 and p is 3. 
The compound of formula (24) obtained above (291 mg, 150 mmol) is 

20 dissolved in 3mL of DMF. 3-(dimethylamino)propylamine (28.3 mL, 225 mmol) 
is added, followed by the addition of PyBOP (85.8 mg, 165 mmol), HOBt (20.3 
mg, 150 mmol) and Hunig's base (65.0 mL, 375 mmol). The reaction solution is 
stirred for one hour then added 20mL of acetonitrile is added dropwise to give a 
precipitate, which was collected by centrifugation. Recovery of this precipitate 

25 provides for a compound of formula (25). 

q) Etspaiaiion oLa Compound oIEomuila (26) in which m is ? and p is i 

The compound of formula (25) obtained above is dissolved in ImL of DMF, 
and 100 mL of piperidine is added to the solution. The solution is allowed to stand 
30 at room temperature for 30 minutes and the course of the reaction is followed by 
mass spectroscopy. The reaction solution is added dropwise to 20mL of 
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acetonitrile, giving a precipitate that is collected by centrifugation. The precipitate 
is purified by reverse phase HPLC on a Ranin C18 Dynamax column (2.5 cm x 25 
cm, 8 mm particle size), at 10 mL/min flow rate using 0.045% TFA in water as 
buffer A and 0.045% TFA in acetonitrile as buffer B (HPLC gradient of 2-50% B 
5 over 90 minutes), which yielded the compound of formula (26) as its trifluroacetate 
salt. 

Preparation of a C ompound of Formula 1 

The compound of formula (26) prepared above (3.14 mmol) is dissolved in 

10 500 mL of DMF. A compound of formula (19) (3.14 mmol) is added to the 
solution, followed by PyBOP (2.44 mg, 4.8 mmol), HOBt( 0.65 mg, 4.8 mmol) 
and Hunig's base (6.7 uL, 38.4 mmol). The reaction solution is added dropwise to 
20 mL of acetonitrile, giving a precipitate that is collected by centrifugation. The 
precipitate is purified by reverse phase HPLC on a Ranin C18 Dynamax column 

15 (2.5 cm x 25 cm, 8 mm particle size), at 10 mL/min flow rate using 0.045% TFA 
in water as buffer A and 0.045% TFA in acetonitrile as buffer B (HPLC gradient of 
2-50% B over 90 minutes), which yielded a compound of Formula I as its 
trifluroacetate salt. 

20 EXAMPLE 5 

P rfp a ratirm of an fN - M ] <">.mpminri of Formula I 
(1) Preparation of a Compound of Formula I 

The compound of formula (26) prepared above (12.7 mmol) is dissolved in 
500 mL of DMF. H0 2 C(CH 2 )„C0 2 H (6.34 mmol) is added, followed by PyBOP 

25 (8.24 mg, 15.8 mol), HOBt ( 2.13 mg, 15.8 mmol) and Hunig's base (8.8 ml, 51.0 
mmol). The reaction solution is added dropwise to 20 mL of acetonitrile, giving a 
precipitate that is collected by centrifugation. The precipitate is purified by reverse 
phase HPLC on a Ranin CIS Dynamax column (2.5 cm x 25 cm, 8 mm particle 
size), at 10 mL/min flow rate using 0.045% TFA in water as buffer A and 0.045% 
30 TFAinacetonitrileasbufferB(HPLCgradientof2-50%Bover90minutesX 
which yielded a compound of formula I as its trifluoroacetate salt. 
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EXAMPLE 6 
Preparation of a [C-V] Compound of Formula I 
(1) Preparation of a Compound of Formula (27) in which m is 2 

The synthesis of compounds 27 and 28 are illustrated in Figure 43 and 44. 

5 

A ligand for a macromolecular structure having a carboxyl group, a primary 
amino group (NH 2 ) and a secondary amino group (NHCH 3 ) (3.2 mmol) is 
suspended in 40 mL of l,3-dimethyl-3 A5,6-tetrahydro-2-(lH)-pyrimidinone and 
is heated to 70°C for 15 minutes. 4-Butoxybenzaldehyde (570 mg, 3.2 mmol) is 

10 added and the mixture is heated at 70°C for an additional hour. Sodium 

cyanoborohydride (241 mg, 3.8 mmol) in 2 mL methanol is added and the mixture 
is heated to 70°C for 2 hours and is then cooled to room temperature. The reaction 
solution is added dropwise to 20 mL of acetonitrile, giving a precipitate that is 
collected by centrifugation. The precipitate is purified by reverse phase HPLC on 

15 Ranin C18 Dynamax column (2.5 cm x 25 cm, 8 „m particle size), at 10 mL/min 
flow rate using 0.045% TFA in water as Buffer A and 0.045% TFA in acetonitrile 
as Buffer B (HPLC gradient of 1 0-70% B over 90 minutes), yielding a compound 
of formula (27) as its trifiuoroacetate salt. 

20 (2) Preparation of a compound of formula (28) where mis 2 

The compound of formula (27) prepared above (45 pool) is dissolved in 2 
mL of DMF. Ethylene diamine (13.4 mg, 22.3 /miol) is added followed by PyBOP 
(28.0 mg, 54 janol), HOBt (7.2 mg, 54 jrnwl) and Hunig's base (63.0 mL, 360 
25 /.mol). The reaction solution is added dropwise to 20 mL of acetonitrile, giving a 
precipitate that is collected by centrifugation. The precipitate is purified by reverse 
phase HPLC on Ranin CIS Dynamax column (2.5 cm x 25 cm, 8 M m particle size), 
at 10 mL/min flow rate using 0.045% TFA in water as Buffer A and 0.045% TFA 
in acetonitrile as Buffer B (HPLC gradient of 2-50% B over 90 minutes), yielding 
30 a compound of formula (28) as its trifiuoroacetate salt. _ . 
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(3) Preparation of a [C-V] compound of Formula I in which one V position is 
substituted, wherein m and n are 2 and p is 3 

The preparation of the compound of this example is illustrated in Figure 44. 

5 

The compound of formula (28) prepared as above (4.9 jonol) is dissolved in 
500 fiL of DMF. The compound of formula (19) (4.9 /miol) is added to the 
solution, followed by PyBOP (3.06 mg, 5.9 /miol), HOBt (0.80 mg, 5.9 pmol) and 
Hunig's base 6.7 yL, 38.4 /zmol). The reaction solution is added dropwise to 20 

1 0 mL of acetonitrile, giving a precipitate that is collected by centrifugation. The 

precipitate is purified by reverse phase HPLC on Ranin CI 8 Dynamax column (2.5 
cm x 25 cm, 8 pan particle size), at 10 mL/min flow rate using 0.045% TFA in 
water as Buffer A and 0.045% TFA in acetonitrile as Buffer B (HPLC gradient of 
2-50% B over 90 minutes), yielding a compound of Formula I as its 

15 trifluoroacetate salt. 

From the foregoing description, various modifications and changes in the 
compositions and methods of this invention will occur to those skilled in the art. 
All such modifications coming within the scope of the appended claims are 
20 intended to be included therein. 
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WHAT IS CLAIMED IS: 

1 . A multibinding compound and salts thereof comprising 2 to 1 0 
macromolecular ligands which may be the same or different and which are 
5 covalently attached to a linker or linkers which may be the same or different, each 
of said ligands comprising a ligand domain capable of binding to a 
macromolecular structure of a cell with the proviso excluding multimeric 
compounds having DNA binding as a primary mode of action. 

10 2. A multibinding compound represented by formula I: 

(L) P (X)„ 1 

~ wherein each L is independently selected from macromolecular ligands comprising 
1 5 a ligand domain capable of binding to a macromolecular structure of a cell; each X 
is independently a linker; p is an integer of from 2 to 10; q is an integer of from 1 
to 20 and salts thereof with the proviso excluding multimeric compounds having 
DNA binding as a primary mode of action. 

20 3 . The multibinding compound according to Claim 2 wherein q is < p. 

4. The multibinding compound according to Claim 1 or Claim 2 
wherein the compound is dimeric. 

25 5. The multibinding compound according to Claim 4 wherein the 

dimeric compound is heterodimeric. 

6. The multibinding compound according to Claim 1 or Claim 2 
wherein the linker or linkers employed are selected from the group comprising 
30 flexible linkers, rigid linkers, hydrophobic linkers, hydrophilic linkers, linkers of 
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different geometry, acidic linkers, basic linkers, linkers of different polarization 
and/or polarizability and amphiphilic linkers. 

7. The multibinding compound according to Claim 6 wherein the 
linkers comprise linkers of different chain length and/or having different 
complementary reactive groups. 

8. The multibinding compound according to Claim 7 wherein the 
linkers are selected to have different linker lengths ranging from about 2 to 100A. 

9. The multibinding compound according to Claim 8 wherein the 

a 

linkers are selected to have different linker lengths ranging from about 3 to 40A. 

10. The multibinding compound according to Claim 1 or 2 wherein the 
1 5 linker is represented by the formula: : 

-X'-Z-(Y'-Z) m -Y"-Z-X'- 

in which: 

20 m is an integer of from 0 to 20; 

X' at each separate occurrence is selected from the group consisting of 
-0-, -S-, -NR-, -C(0)-, -C(0)0-, -C(0)NR-, -C(S), -C(S)0-, -C(S)NR- or a 
covalent bond where R is as defined below; 

Z is at each separate occurrence is selected from the group consisting of 
25 alkylene, substituted alkylene, cycloalkylene, substituted cylcoalkylene, 
alkenylene, substituted alkenylene, alkynylene, substituted alkynylene, 
cycloalkenylene, substituted cycloalkenylene, arylene, heteroarylene, 
heterocyclene, or a covalent bond; 

Y' and Y" at each separate occurrence are selected from the group consisting 

30 of: 
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-S-S- or a covalent bond; 
in which: 

w is 0, 1 or 2; and 

R, R' and R" at each separate occurrence are selected from the group 
5 consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, 
alkenyl, substituted alkenyl, cycloalkenyl, substituted cycloalkenyl, alkynyl, 
substituted alkynyl, aryl, heteroaryl and heterocyclic. 

11. The multibinding compound according to Claim 4 wherein the 
1 0 dimeric compound is homodimeric. 

12. The multibinding compound according to Claim 1 1 wherein the two 
macromolecular ligands are linked to the homodimeric compound at the same 
point of the ligand. 



15 
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13. The multibinding compound according to Claim 1 0 wherein the two 
macromolecular ligands are linked to the homodimeric compound at different 
points on the ligand. 

5 1 4. A pharmaceutical composition comprising a pharmaceutically effect 

excipient and an effective amount of a multibinding compound or a 
pharmaceutically acceptable salt thereof comprising 2 to 10 ligands which may be 
the same or different and which are covalently attached to a linker or linkers which 
may be the same or different, each of said ligands comprising a ligand domain 

1 0 capable of binding to a macromolecular structure of a cell mediating mammalian or 
avian pathologic conditions thereby inhibiting the pathologic condition with the 
proviso excluding multimeric compounds having DNA binding as a primary mode 
of action. 

15 15, A pharmaceutical composition comprising a pharmaceutically 

acceptable excipient and an effective amount of a multibinding compound 
represented by formula I: 



20 



(L) p (X) q 



wherein each L is independently selected from ligands comprising a ligand domain 
capable of binding to one or more macromolecular structures of a cell mediating 
mammalian or avian pathologic conditions; each X is independently a linker;/? is 
an integer of from 2 to 10; q is an integer of from 1 to 20 and pharmaceutically 
25 acceptable salts thereof with the proviso excluding multimeric compounds having 
DNA binding as a primary mode of action. 

16. The pharmaceutical composition according to Claim 1 5 wherein 
q is < p. 

30 
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17. The pharmaceutical composition according to Claim 14 or Claim 15 
wherein the compound is dimeric. 

18. The pharmaceutical composition according to Claim 1 7 wherein the 
5 . dimeric compound is heterodimeric. 

19. The pharmaceutical composition according to Claim 14 or Claim 1 5 
wherein the linker or linkers employed are selected from the group comprising 

- flexible linkers, rigid linkers, hydrophobic linkers, hydrophilic linkers, linkers of 
10 different geometry, acidic linkers, basic linkers, linkers of different polarization 
and/or polarizability and amphiphilic linkers. 

20. The pharmaceutical composition according to Claim 1 9 wherein the 
linkers comprise linkers of different chain length and/or having different 

1 5 complementary reactive groups. 

21. The pharmaceutical composition according to Claim 20 wherein the 
linkers are selected to have different linker lengths ranging from about 2 to 100A. 

20 22. The pharmaceutical composition according to Claim 21 wherein the 

linkers are selected to have different linker lengths ranging from about 3 to 40A. 

23. The pharmaceutical composition according to Claim 14 or 15 
wherein the linker is represented by the formula:: 

25 

-X'-Z-(Y'-Z) ro -Y"-Z-X'- 

in which: 

m is an integer of from 0 to 20; 
30 X' at each separate occurrence is selected from the group consisting of 
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-O, -S-, -NR-, -C(O)-, -C(0)0-, -C(0)NR-, -0(8), -C(S)0-, -C(S)NR- or a 
covalent bond where R is as defined below; 

Z is at each separate occurrence is selected from the group consisting of 
alkylene, substituted alkylene, cycloalkylene, substituted cylcoalkylene, 
5 alkenylene, substituted alkenylene, alkynylene, substituted alkynylene, 
cycloalkenylene, substituted cycloalkenylene, arylene, heteroarylene, 
heterocyclene, or a covalent bond; 

Y' and Y" at each separate occurrence are selected from the group consisting 

of: 




R. R 



1 0 -S-S- or a covalent bond; 
in which: 

n is 0, 1 or 2; and 

R, R' and R" at each separate occurrence are selected from the group 
consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, 
15 alkenyl, substituted alkenyl, cycloalkenyl, substituted cycloalkenyl, alkynyl, 
substituted alkynyl, aryl, heteroaryl and heterocyclic. 
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24. A method for treating a mammalian or avian pathologic condition 
mediated by cells comprising macromolecular structures which method comprises 
administering to said mammal or avian an effective amount of a pharmaceutical 
composition comprising a pharmaceutically acceptable excipient and a 

5 multibinding compound or a pharmaceutically acceptable salt thereof comprising 2 
to 10 ligands which may be the same or different and which are covalently attached 
to a linker or linkers which may be the same or different, each of said ligands 
comprising a ligand domain capable of binding to a macromolecular structure of 
the cell(s) mediating mammalian or avian pathologic conditions with the proviso 

10 excluding multimeric compounds having DNA binding as a primary mode of 
action. 

25. A method for treating a mammalian or avian pathologic condition 
mediated by cells comprising macromolecular structures which method comprises 
15 administering to said mammal or avian an effective amount of a pharmaceutical 
composition comprising a pharmaceutically acceptable excipient and a 
multibinding compound represented by formula I: 



20 



25 



(L) p (X) q 1 

wherein each L is independently selected from ligands comprising a ligand domain 
capable of binding to one or more macromolecular structures of a cell mediating 
mammalian pathologic conditions; Each X is independently a linker; p is an integer 
of from 2 to 1 0; q is an integer of from 1 to 20 and pharmaceutically acceptable 
salts thereof with the proviso excluding multimeric compounds having DNA 
binding as a primary mode of action. 



26. A method for modulating the biological processes/functions of a cell 
which method comprises contacting said cell with a multi-binding compound or a 
30 pharmaceutically acceptable salt thereof under conditions sufficient to modulate 
s biological processes/functions of said cell wherein said multi-binding 



one or more I 
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compound comprises 2 to 10 ligands which may be the same or different and 
which are covalently attached to a linker or linkers which may be the same or 
different, each of said ligands comprising a ligand domain capable of binding to 
one or more macromolecular structures of the cells with the proviso excluding 
5 multimeric compounds having DNA binding as a primary mode of action. 

27. The method according to Claim 25 wherein q is < p. 

28. The method according to Claim 24, Claim 25 or Claim 26 wherein 
1 0 the compound is dimeric. 

29. The method according to Claim 28 wherein the dimeric compound is 
heterodimeric. 

15 30. The method according to Claim 24, Claim 25 or Claim 26 wherein 

the linker or linkers employed are selected from the group comprising flexible 
linkers, rigid linkers, hydrophobic linkers, hydrophilic linkers, linkers of different 
geometry, acidic linkers, basic linkers, linkers of different polarization and/or 
polarizability and amphiphilic linkers. 



20 



25 



31. The method according to Claim 30 wherein the linkers comprise 
linkers of different chain length and/or having different complementary reactive 
groups. 

32. The method according to Claim 31 wherein the linkers are selected to 
have different linker lengths ranging from about 2 to 100A. 

33. The method according to Claim 32 wherein the linkers are selected to 

e 

have different linker lengths ranging from about 3 to 40A. 



30 
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34. The method compound according to Claim 24, Claim 25 or Claim 26 
wherein the linker is represented by the formula:: 

-X'-Z-(Y'-Z) m -Y"-Z-X'- 

5 

in which: 

m is an integer of from 0 to 20; 

X' at each separate occurrence is selected from the group consisting of 
-0-, -S-, -NR-, -C(O)-, -C(0)0-, -C(0)NR-, -C(S), -C(S)0-, -C{S)NR- or a 
10 covalent bond where R is as defined below; 

Z is at each separate occurrence is selected from the group consisting of 
alkylene, substituted alkylene, cycloalkylene, substituted cylcoalkylene, 
alkenylene, substituted alkenylene, alkynylene, substituted alkynylene, 
cycloalkenylene, substituted cycloalkenylene, arylene, heteroarylene, 
1 5 heterocyclene, or a covalent bond; 

Y' and Y" at each separate occurrence are selected from the group consisting 

of: 



L i i 1 

R R' R' R' 

N N 



I I OR' 

R' R' 

9 f -S(0) n -CR'R"- 



T 

-S-S- or a covalent bond; 



-S(0) n -NR'- 
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in which: 

n is 0, 1 or 2; and 

R, R' and R" at each separate occurrence are selected from the group 
consisting of hydrogen, alkyl, substituted alkyl, cycloalkyl, substituted cycloalkyl, 
5 alkenyl, substituted alkenyl, cycloalkenyl, substituted cycloalkenyl, alkynyl, 
substituted alkynyl, aryl, heteroalyl and heterocyclic. 



35. A method for identifying multimeric macromolecular ligand 
compounds possessing multibinding properties which method comprises: 
10 (a) identifying a macromolecular ligand or a mixture of ligands wherein 

each ligand contains at least one reactive functionality; 

(b) identifying a library of linkers wherein each linker in said library 
comprises at least two functional groups having complementary reactivity to at 
least one of the reactive functional groups of the ligand; 
15 ( C ) preparing a multimeric macromolecular ligand compound library by 

combining at least two stoichiometric equivalents of the ligand or mixture of 
ligands identified in (a) with the library of linkers identified in (b) under conditions 
wherein the complementary functional groups react to form a covalent linkage 

between said linker and at least two of said ligands; and 
20 (d) assaying the multimeric macromolecular ligand compounds produced 

in the library prepared in (c) above to identify multimeric macromolecular ligand 
compounds possessing multibinding properties. 

36. A method for identifying multimeric macromolecular ligand 
25 compounds possessing multibinding properties which method comprises: 

(a) identifying a library of macromolecular ligands wherein each ligand 
contains at least one reactive functionality; 

(b) identifying a linker or mixture of linkers wherein each linker 
comprises at least two functional groups having complementary reactivity to at 

30 least one of the reactive functional groups of the ligand; 
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(c) preparing a multimeric macromolecular ligand compound library by 
combining at least two stoichiometric equivalents of the library of ligands 
identified in (a) with the linker or mixture of linkers identified in (b) under 
conditions wherein the complementary functional groups react to form a covatent 

5 linkage between said linker and at least two of said ligands; and 

(d) assaying the multimeric macromolecular ligand compounds produced 
in the library prepared in (c) above to identify multimeric macromolecular ligand 
compounds possessing multibinding properties. 

10 37. The method according to Claim 35 or Claim 36 wherein the 

preparation of the multimeric macromolecular ligand compound library is achieved 
by either the sequential or concurrent combination of the two or more 
stoichiometric equivalents of the ligands identified in (a) with the linkers identified 
in(b). 

15 

38. The method according to Claim 37 wherein the multimeric 
macromolecular ligand compounds comprising the multimeric ligand compound 
library are dimeric. 

20 39. The method according to Claim 38 wherein the dimeric 

macromolecular ligand compounds comprising the dimeric ligand compound 
library are heterodimeric. 

40, The method according to Claim 39 wherein the heterodimeric 

25 macromolecular ligand compound library is prepared by sequential addition of a 
first and second ligand. 

41 , The method according to Claim 35 or Claim 36 wherein, prior to 
procedure (d), each member of the multimeric macromolecular ligand compound 

30 library is isolated from the library. 
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42. The method according to Claim 41 wherein each member of the 
library is isolated by preparative liquid chromatography mass spectrometry 
(LCMS). 

5 43. The method according to Claim 35 or Claim 36 wherein the linker or 

linkers employed are selected from the group comprising flexible linkers, rigid 
linkers, hydrophobic linkers, hydrophilic linkers, linkers of different geometry, 
acidic linkers, basic linkers, linkers of different polarization and/or polarizability 
and amphiphilic linkers. 

44. The method according to Claim 43 wherein the linkers comprise 
linkers of different chain length and/or having different complementary reactive 
groups, 

15 45. The method according to Claim 44 wherein the linkers are selected to 

have different linker lengths ranging from about 2 to 1 00 A. 

46. The method according to Claim 35 or 36 wherein the ligand or 
mixture of ligands is selected to have reactive functionality at different sites on 

20 said ligands. 

47. The method according to Claim 46 wherein said reactive 
functionality is selected from the group consisting of carboxylic acids, carboxylic 
acid halides, carboxyl esters, amines, halides, pseudohalides, isocyanates, vinyl 

25 unsaturation, ketones, aldehydes, thiols, alcohols, anhydrides, boronates, and 

precursors thereof wherein the reactive functionality on the ligand is selected to be 
complementary to at least one of the reactive groups on the linker so that a 
covalent linkage can be formed between the linker and the ligand. 
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48. The method according to Claim 35 or Claim 36 wherein the 
multimeric macromolecular ligand compound library comprises homomeric ligand 
compounds. 

5 49. The method according to Claim 35 or Claim 36 wherein the 

multimeric macromolecular ligand compound library comprises heteromeric ligand 
compounds. 

50. A library of multimeric macromolecular ligand compounds which 
10 may possess multivalent properties which library is prepared by the method 
comprising: 

(a) identifying a macromolecular ligand or a mixture of ligands wherein 

each ligand contains at least one reactive functionality; 

(b) identifying a library of linkers wherein each linker in said library 
15 comprises at least two functional groups having complementary reactivity to at 

least one of the reactive functional groups of the ligand; and 

(c) preparing a multimeric macromolecular ligand compound library by 
combining at least two stoichiometric equivalents of the ligand or mixture of 
ligands identified in (a) with the library of linkers identified in (b) under conditions 

20 wherein the complementary functional groups react to form a covalent linkage 
between said linker and at least two of said ligands. 

51. A library of multimeric macromolecular ligand compounds which 
may possess multivalent properties which library is prepared by the method 

25 comprising: 

(a) identifying a library of macromolecular ligands wherein each ligand 

contains at least one reactive functionality; 

(b) identifying a linker or mixture of linkers wherein each linker 
comprises at least two functional groups having complementary reactivity to at 

30 least one of the reactive functional groups of the ligand; and 
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(c) preparing a multimeric macromolecular ligand compound library by 
combining at least two stoichiometric equivalents of the library of ligands 
identified in (a) with the linker or mixture of linkers identified in (b) under 
conditions wherein the complementary functional groups react to form a covalent 
5 linkage between said linker and at least two of said ligands. 

52. The library according to Claim 50 or Claim 5 1 wherein the linker or 
linkers employed are selected from the group comprising flexible linkers, rigid 
linkers, hydrophobic linkers, hydrophilic linkers, linkers of different geometry, 

10 acidic linkers, basic linkers, linkers of different polarization and/or polarizability 
and amphiphilic linkers. 

53. The library according to Claim 52 wherein the linkers comprise 
linkers of different chain length and/or having different complementary reactive 

15 groups. 

54. The library according to Claim 53 wherein the linkers are selected to 
have different linker lengths ranging from about 2 to 100A. 



20 



55. The library according to Claim 50 or 51 wherein the macromolecular 
ligand or mixture of ligands is selected to have reactive functionality at different 
sites on said ligands. 

56. The library according to Claim 55 wherein said reactive functionality 
is selected from the group consisting of carboxylic acids, carboxylic acid halides, 
carboxyl esters, amines, halides, pseudohalides, isocyanates, vinyl unsaturate, 
ketones, aldehydes, thiols, alcohols, anhydrides, boronates, and precursors thereof 
wherein the reactive functionality on the ligand is selected to be complementary to 
at least one of the reactive groups on the linker so that a covalent linkage can be 

30 formed between the linker and the ligand. 



25 
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57. The library according to Claim 50 or Claim 5 1 wherein the 
multimeric macromolecular ligand compound library comprises homomeric ligand 
compounds. 

5 58. The library according to Claim 50 or Claim 51 wherein the 

multimeric macromolecular ligand compound library comprises heteromeric ligand 
compounds. 

59. An iterative method for identifying multimeric macromolecular 
10 ligand compounds possessing multibinding properties which method comprises: 
(a) preparing a first collection or iteration of multimeric macromolecular 
compounds which is prepared by contacting at least two stoichiometric equivalents 
of a macromolecular ligand or mixture of ligands which target a receptor with a 
linker or mixture of linkers wherein said ligand or mixture of ligands comprises at 
15 least one reactive functionality and said linker or mixture of linkers comprises at 
least two functional groups having complementary reactivity to at least one of the 
reactive functional groups of the ligand wherein said contacting is conducted under 
conditions wherein the complementary functional groups react to form a covalent 
linkage between said linker and at least two of said ligands; 
20 (b) assaying said first collection or iteration of multimeric 

macromolecular compounds to assess which if any of said multimeric compounds 
possess multibinding properties; 

(c) repeating the process of (a) and (b) above until at least one 
multimeric macromolecular compound is found to possess multibinding properties; 
25 (d) evaluating what molecular constraints imparted or are consistent with 

imparting multibinding properties to the multimeric macromolecular compound or 
compounds found in the first iteration recited in (a)- (c) above; 

(e) creating a second collection or iteration of multimeric 
macromolecular compounds which elaborates upon the particular molecular 
30 constraints imparting multibinding properties to the multimeric compound or 
compounds found in said first iteration; 



WO 99/64036 



PCT/US99/11806 



-159- 

(f) evaluating what molecular constraints imparted or are consistent with 
imparting enhanced multibinding properties to the multimeric macromolecular 
compound or compounds found in the second collection or iteration recited in (e) 
above; 

(g) optionally repeating steps (e) and (f) to further elaborate upon said 
molecular constraints. 

60. The method according to Claim 59 wherein steps (e) and (f) are 
repeated from 2-50 times. 



61 . The method according to Claim 60 wherein steps (e) and (f) 
repeated from 5-50 times. 
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FIGURE 1 9 Polype macroiide antifungal agents amphot ricin B and nystatin 
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FIGURE 20 Preparation of Amphotericin bis(ketals) 
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FIGURE 2 1 Preparation of C16-linked amphotericin multivalomers 
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FIGURE 22 Preparation of C3Minked amphotericin multivalomers using maleimide (Mai) ablation 
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FIGURE 24 Preparation of C3Minked amphotericin radial multivatomers via maleimid (Ma!) alkylation 
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FIGURE 25 Preparation of C16-to-C3' linked amphotericin daisy-chain multivalomers 
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2-Phenyl-1,8-naphthyridin-4-one Dimers 
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Box I Observations where certain claims were found unsearchable (Continuation of Item 1 of first sheet) 



This international report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
1. pi Claims Nos.: 

1 — ' because they relate to subject matter not required to be searched by this Authority, namely: 



2. I I Claims Nos.: 

' because they relate to parts of the international application that do not comply with the prescribed requirements to such 
an extent that no meaningful international search can be carried out, specifically: 



3. Q Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 
Please See Extra Sheet. 



1 . fx] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. | | As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3 . Q As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 



4. ri No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest Q The additional search fees were accompanied by the applicant's protest. 

fx| No protest accompanied the payment of additional search fees. 
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A. CLASSIFICATION OF SUBJECT MATTER: 
IPC (6): 

A61K 38/00, 39/00, 39/44, 39/395, 51/00; C07K 2/00, 4/00; GO IN 33/53, 33/543, 33/566 

A. CLASSIFICATION OF SUBJECT MATTER: 
USCL : 

424/1.11, 9.1, 178.1, 193.1; 435/7.1, 7.2; 436/501, 518; 530/345, 389.1, 402, 807 

BOX II. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions as follows: 

This application contains the following inventions or groups of inventions which are not so linked as to form a single 
uwentive concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search 
fees must be paid. 

Group I, ciaim(s) 1-23, drawn to a multibinding compound and pharmaceutical composition. 

Group II, claim(s) 24-34, drawn to a method of treating a pathologic condition or modulating the biological 

processes/functions of a cell. 

Group III, claim(s) 25-49, drawn to a method for identifying mukimeric macromolecular ligand compounds. 

Group IV, claim(s) 50-58, drawn to a library of multimeric macromolecular ligand compounds. 

Group V, claim(s) 59-61, drawn to an iterative method for identifying multimeric macromolecular ligand compounds. 



The inventions listed as Groups 1-V do not relate to a single inventive concept under PCT Rule 13.1 
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: 

Groups MI and HI-V have different special technical features. The technical feature that links the claims in Groups MI 
is the multibinding compound. The technical feature that links the claims of Groups III-V is the multimeric ligand 
compound library. Furthermore, each of the technical features is known in the art. 

The technical feature that links the claims of Groups MI is the multibinding compound. These compounds are known 
ui the art. 

For example Defooit et al (Peptides: Chemistry and Biology, Proceeding, of the 12th American Peptide Symposium, 

T-h V ' ^ A - Smi<h Md Jea " E - Wver ' BSC0M: 1992 ' PP' W 5 ' 846 ) •«*" » vaccine with 

n , .*T. int ' P Mtl ' 8en P<Ttide U8cd - ™ l moIecule conUins 4 Peptide antigen sections (see Figure 

IJ and a P3C section containing a tripalmitoyl moiety. This are covalently linked using lysine as a linker (shown in 
the figure). 

The technical feature that links the claims of Groups III-V is the multimeric ligand compound library. These libraries 
are known in the art. 

For example, Cole et al (Angew. Chem. Int.Ed. Engl., 1996, Vol. 35, No. 15, pp. 1668-1671) teaches "diverse 
peptide-based structures" that can be coUectively screened to search for crural catalysts (see page 1669, 1st column) 
These ligands possess at least three sites for binding, aa shown in structure 3 (2 hydroxy groups and the nitrogen), 
figure 1 of Cole et al (page 1670) shows the variation of the ligand components. The middle amino acid component 
(AA2) is a linker, with the ammo and acid end s comprising two functional groups having complementary reactivity to 
the other portions of the hgand. Cole et al shows using a library of linkers (choices for AA2 in Figure 1). The other 
portions are varied aa shown in the figure (other amino acid segment and aldehyde segments a-m)and form covalent 
linkages to AA2 by reaction with the complementary functional groups (see Scheme 2, page 1669). 

Additionally, Menger et al (J. Org. Chem., 1995, Vol. 60, pp. 6666-6667) teaches a multimeric ligand compound 
library comprising a single linker molecule, the linker is poly aUylamine, which has a multitude of amino groups that 
are complementary to the library of ligands having a reactive carboxylic acid functionality. The library of ligands are 
covalently attached to the linker polymer; this is shown in Figure 1 (page 6666). 
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